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ABSTRACT 
A study was undertaken to evaluate new methods for 
rapid estimation of sugar, fiber, and moisture contents as 
well as the biomass of sugarcane. The NIR method can analyze 
the samples for sugar, moisture, fiber, and Pol values in less 
than one minute. The microwave method can reduce the time 
necessary to perform sugar and moisture analysis using the 
press method from 48 hours to a few minutes. Gamma ray 
transmission can be used to estimate crop yield in the field, 
and NMR can be used to measure the moisture content of whole 
stalks of sugarcane if its accuracy is improved. Considerable 
time can be saved if one of these methods is used to analyze 
sugarcane samples for quality. 
Near Infrared (NIR) spectroscopy was applyed to 
estimate Pol as a percent of juice, and fiber, sugar, and 
moisture content as a percent of cane from shredded sugarcane 
samples. The results from this analysis were not 
statistically different (p > 0.05) from the standard press 
method commonly used. The determination coefficient values of 
the regression lines for the calculated values using NIR on 
the measured values were 0.94 for fiber, 0.98 for Pol, 0.98 
for moisture, and 0.99 for sugar. 
xv  
A household microwave oven was used to rapidly 
evaluate the moisture content of shredded sugarcane samples. 
There was no significant difference between the microwave* 
heated air oven» and the standard press methods (p > 0.05). 
The determination coefficient of the regression line of the 
calculated sugar content using the standard and the microwave 
oven values was 0.99. 
Gamma ray transmission was used to evaluate the 
linear attenuation coefficient of sugarcane stalks. The total 
mass attenuation coefficient was calculated from the linear 
attenuation coefficient. The mass for the scan section as 
well as for a portion of a stalk was calculated and there was 
no significant difference between the calculated values and 
the measured values (p > 0.05). The determination 
coefficients of the regression lines of the measured values 
using gamma ray and the observed values for mass values were 
0.89 for scan section, and 0.S6 for portion of the stalk. 
NMR was used to evaluate moisture content of whole 
stalks of sugarcane. Two amplitudes were taken from the Free 
Induction Decay curve. The amplitude ratio was correlated to 
the moisture content in the sample. The value of the 
correlation coefficient obtained was 0.82. It was also found 
that the magnet inhomogeneity needs to be controlled in order 
to obtain more accurate results. 
xv i 
INTRODUCTION 
Determination of sugar? fiber and moisture content 
is essential for determining sugarcane quality. The press 
method, (Birkett, 1981 and Tanimoto, 196^) used commonly in 
the industry, for the determination of quality requires 
approximately ^8 hours with moisture measurement taking most 
of the time. Another important step is the yield 
determination in which the methods currently being used have 
large variation and are very laborious. An alternate method 
requiring considerably less time would be very helpful in 
determining sugarcane quality and yield. 
Modern techniques could be helpful in sugarcane 
production to improve the methods of sugarcane analysis. The 
industrialization process, the production process, and the 
research activities need a very rapid evaluation of the 
chemical and physical properties of sugarcane. The 
properties which need to be evaluated are: sugar content, 
fiber content, moisture content, and crop yield. 
In the press method, the stalks of sugarcane are 
shredded with a chopper. About 600 g of the shredded 
material are weighed and pressed. The pressed residue is 
weighed, dried, and weighed again. The difference in 
weights is attributed to the moisture content in the pressed 
1  
residue. Pol, which indicates the net amount of 
dextro-rotary substances in the juice, is measured with a 
polarimeter. Brix, which indicates the amount of solids 
dissolved in the juice( is measured with a refractometer. 
The moisturei. sugar, and fiber contents in sugarcane samples 
are calculated from these data. 
Near Infrared Reflectance (NIR) spectroscopy was 
evaluated for the determination of pol (as a percent of 
juice)? fiber, sugar (sucrose), and moisture contents. 
Fiber, sugar, and moisture contents were expressed as 
percent of cane weight in sugarcane samples. Data were 
collected and compared with data obtained using the standard 
laboratory press method. NIR is widely used for the 
estimation of forage quality parameters and grain moisture, 
but its use has not been reported for the analysis of 
sugarcane quality. 
The standard press method for moisture 
determination using a heated air oven is very time 
consuming. However, with the application of microwave 
energy, a new method was developed which required only a few 
minutes rather than ^t8 hours. This is possible because the 
microwaves vibrate the polar molecules at a very high speed 
producing heat because of friction of the molecules. When 
the microwave frequency is close to the resonant frequency 
of water, most of the microwave energy is absorbed by the 
water. If the moisture content in the sample is high* the 
drying efficiency is also high because most of the radiation 
is used to heat and evaporate the water. Household 
microwave ovens operate at frequencies close to the resonant 
frequency of water, thus making this application a very 
feasible solution in reducing the time to determine the 
moisture content in shredded sugarcane samples. Microwave 
drying techniques have been developed to dry several 
agricultural products. The moisture determination of 
sugarcane samples is important since an accurate measurement 
of the moisture content yields accurate measurements of 
sugar and fiber contents as well. The microwave power level 
and time of drying are dependent upon the mass of material 
inside the resonant cavity and the type of material. 
Samples with minimum weight variation must be used in all 
moisture determinations using microwaves because of the 
dependence of drying time for any power level on the mass of 
water in the material placed in the microwave oven for 
drying. 
Gamma rays were used to estimate the mass of 
sugarcane stalks. This method was designed to measure the 
linear attenuation coefficient of sugarcane stalks. The 
total mass attenuation coefficient was calculated from the 
linear attenuation coefficient since the relationship 
between these two parameters is a function of the material 
density. Sugarcane biomass can be estimated in the field 
with the proper application of the parameters studied here. 
The NMR (Nuclear Magnetic Resonance) analysis was 
applied to measure the moisture content of whole stalks of 
sugarcane. This technique has been used to measure the 
moisture content of several other agricultural products. 
The relationship of two NMR amplitudes from the Free 
Induction Decay (FID) curve for the sugarcane stalks was 
used for this purpose. The ratio of these two NMR 
amplitudes was correlated to the moisture content in the 
sugarcane stalks. 
OBJECTIVES 
The objectives of this study were: 
1 - To develop a rapid and accurate method using an 
NIR spectrometer to determine the pol, fiber, 
sugar, and moisture contents in shredded samples 
of sugarcane, and compare it with the standard 
press method currently in use. 
E - To develop a quick and accurate method using a 
household microwave oven to determine the moisture 
content in shredded samples of sugarcane and 
compare the results of microwave, standard, and 
heated air oven methods for determining sugarcane 
mo isture. 
3 - To evaluate the linear attenuation coefficient and 
the total mass attenuation coefficient of gamma 
rays for sugarcane stalks to estimate biomass. 
4 - To use the NMR technique to estimate the moisture 
content of the whole stalks of sugarcane and 
determine the differences between the heated air 




I - Near Infrared Spectroscopy 
Norris and Hart (1965) developed techniques for 
rapid estimation of oil, protein and moisture content of 
grains and oilseeds using NIR spectroscopy. In another 
study, Norris et al. (1976) discussed the uses of NIR and 
data treatment techniques. They found that log(l/R) (where 
R is the reflectance) plotted against wavelength resulted in 
a curve very similar to the absorption curve. Curve 
smoothing and transformation of the log(l/R) curve (log(l/R) 
against wavelength) into the second derivative are examples 
of the treatments given to the data. The authors concluded 
that NIR has good potential to be used as an instrument for 
rapid evaluation of forage quality. 
Norris (1983) stated that NIR technology is based 
on the fact that biological products have a definite 
absorption of near-infrared spectra. The reflectance 
spectra plotted as log(l/R)> where R is the diffused 
reflectance) is very similar to the absorption spectra. 
Another property found was that reflectance varied linearly 
with the concentration of certain constituents in a mixture 
of materials in the sample. Spectrum difference of two 
wavelengths for each constituent* where one wavelength was 
at the maximum and the other at the minimum absorption, was 
also a treatment reported in this study. Multiple terms of 
the second derivative of the log(l/R) curve were combined in 
a multiple regression equation to obtain the calibration 
curve but it was cautioned that this treatment may overfit 
the data. The author recommended that fifteen calibration 
samples be used for each term in the regression equation to 
avoid this problem. 
McClure et al. (1977) reported on the use of NIR 
for tobacco, which is a heterogeneous material. One of the 
constituents of tobacco measured was the total reducing 
sugar. They stated that the spectra reflected by the sample 
were composed of superimposed individual reflectances* and 
by selecting the right wavelengths, this reflectance could 
be estimated for individual constituents. 
Shenk et al. (1979, 1981) reported that NIR can 
determine the chemical and nutritional qualities of forage. 
The key steps necessary for successful analysis of forage 
quality using NIR were reported as: collecting a 
representative calibration sample set, performing an 
accurate laboratory analysis, choosing the correct data 
analysis technique, and selecting the wavelengths correctly. 
Shenk et al. (1981) evaluated the performance of a 
spectro-computer. They compared the NIR system results 
using different data treatments with those observed from 
common standard practices in laboratories. 
Marten (1984) described an NIR system that 
consisted of a monochromatic source of radiation, detectors 
for reflectance or transmittance modes* and a microcomputer 
system. He reported that this system is widely used to 
perform quality analysis of forages. 
Dull (1904) presented an approach to analyze the 
maturity and quality of cantaloupes using NIR. The author 
stated that good correlation values were obtained between 
the factors measured using NIR and standard practices in 
laboratories) and that these can be improved if the 
instrument noise is reduced. He concluded that this 
technique can be developed as a nondestructive method for 
maturity and quality analyses for cantaloupes. 
II - Microwaves 
Microwaves are electromagnetic radiations with 
frequencies in the range of 300 MHz to about 30 GHz (Copson, 
1975). This radiation can be used in several forms and is 
commonly used as an energy source for heating. The energy 
in the electromagnetic wave varies with the frequency and is 
as follows: 
9 
E = h * f 
where: E = energy, MJ 
-40 h = Planck's constant) 6.625 * 10 MJ-sec 
f = frequency? Hz 
Microwave energy equipment has been available for 
many years and it has proved to be a volume heating source. 
The depth of penetration is dependent on the characteristics 
of the material placed in the resonant cavity. The allowable 
frequencies for Industrials Scientific and Medical (ISM) 
applications given by Copson (1975) are: 
915 ± 25 MHz 
2450 ± 50 MHz 
22125 ± 125 MHz 
Of the two frequencies applied for microwave 
heating: 915 MHz and 2450 MHz? the lower frequency, 915 MHz, 
is said to have a deeper penetration. This characteristic 
implies that the lower frequency produces higher 
temperatures inside the samples. The second frequency, 2450 
MHz, has smaller penetration, and produces higher 
temperatures on the exterior of the samples (Copson, 1975). 
Decareau (1965) stated that for large diameter containers, 
it is necessary to use lower frequencies to reach desired 
temperatures at the center of the sample. Even so, using 
the lower frequencies* 
temperature differences 
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Several papers have been published concerning the 
application of microwave energy to dry samples and to 
estimate moisture content in samples of diversified 
materials. (Verma and Noomhorm, 1983; Jones and Griffith, 
1968; Carlier and Van Hee, 1971). Aerts et al. (1974) 
compared methods of drying roughages and faeces. The 
authors concluded that the differences between the moisture 
content levels obtained with microwave and standard methods 
were small. Also, they concluded that determination of 
moisture content in high moisture roughages was not accurate 
due to the loss of dry matter during the drying process. 
In a study by Farmer and Brusewitz (1980) to 
determine moisture content of alfalfa samples, it was found 
that the samples dried in a microwave oven showed moisture 
contents lower than the ones determined by standard 
laboratory methods. They concluded that the higher the 
initial moisture content, the more accurate was the moisture 
content estimation using the microwave oven. The rapid 
method developed by Noomhorm and Verma, (1982) for rough 
rice moisture determination using microwave energy gave 
satisfactory results. Their results showed that it was an 
acceptable alternative method when compared to the standard 
method for rough rice moisture determination. Perrin et al. 
(1980) found that the moisture content values determined by 
the microwave method were less than those found by the 
conventional oven and vacuum oven methods for moisture 
determination of snap beans. Also > they found that the 
moisture content estimated for fresh beans using the 
microwave method was lower than that for frozen beans. 
Click and Baker (1980) and Noomhorm and Verma 
(1982) compared drying times using the microwave oven with 
the conventional method of moisture determination. They 
used asbestos inside the resonant cavity of the microwave to 
protect the magnetron from overheating when using the 
microwave oven and they concluded that asbestos was a good 
form of protection for the magnetron. Water has also been 
used in some studies for this purpose. 
Tanimoto (1964) developed the press method to 
analyze shredded sugarcane samples that has been widely used 
as a standard practice in sugarcane analysis. This method 
was compared with other forms of chemical analyses and the 
results were reported to be very close for sugar, water and 
fiber contents in sugarcane samples. The standard method 
used for moisture determination in this work was the heated 
air oven. The drying temperature used was 85°C and the 
samples were dried until constant weight was achieved. The 
time required to achieve constant weight was 48 hours. 
B i rkett 
( 1964) 
samp 1er 
(1979) used the same method reported by 
to analyze samples of sugarcane to study 
used in the Louisiana sugar mills. 
Tan i mo to 
the core 
III - Gamma Rays 
Radioisotopes have been applied extensively in the 
analysis of materials with several agricultural 
applications. The use of gamma rays for continuous weighing 
of coal is reported by Ramsey Eng. Co. (Ramsey Engineering 
Co.j 1983). They reported that a low energy source of gamma 
rays, Cesium-137, was used successfully. Shielding for this 
application was reported to meet all the regulations of the 
Nuclear Regulatory Commission. Parkinson (1984) reported 
the use of gamma rays to perform on-stream analysis of coal. 
The process was reported to be capable of analyzing coal for 
ash) moisture, etc. Besides being capable of performing 
such analyses* this system is reported to be less costly 
than the other types available. 
Kirkland (1981) reported that gamma rays have been 
used very effectively in gauging plastic sheet thickness. A 
back-scattering radiation measurement technique was used to 
measure the thickness of plastic sheets from 0.2 to 1.4 mm 
thick. The results of the gamma ray back-scattering system 
were reported to be superior to the standard practice which 
employs beta radiation. 
The gamma ray attenuation technique to evaluate 
soil moisture was reported by Wheeler and Morrison (1983). 
The authors reported that one advantage of this technique 
was the ability to automatically monitor the soil moisture 
and water movement in the soil at remote locations. They 
concluded that gamma ray attenuation has a good potential 
for use as a soil moisture analyzer. 
Ruwe et al., (1966) studied gamma ray attenuation 
coefficients for grains and forages. The authors presented 
mass attenuation and linear attenuation curves for different 
densities. They concluded that the type of grain and its 
moisture content had negligible effects on the attenuation 
coeffic ients. 
Garret and Talley (1967) developed a method to 
obtain the density and diameter of lettuce heads prior to 
harvest using gamma ray attenuation. They found that the 
ratio of signal to diameter was a valid estimation of the 
bulk density of the lettuce heads. They stated that the 
gamma ray measurement technique can be utilized at harvest 
speeds up to 2 miles per hour. In another publication, 
Garret and Talley (1970) reported on the design and 
selection of the gamma ray detector, the circuitry, and the 
optimum gamma ray source intensity. They reported that the 
system performed satisfactorily in selecting lettuce heads 
in the field. 
IV - Nuclear Magnetic Resonance 
The Nuclear Magnetic Resonance (NMR) phenomenon 
involves a spectroscopic method integrated with resonant 
interaction between the moments and applied magnetic 
radiofrequency (rf) fields (Fukushima and Roeder, 1981). 
The nuclei absorb energy from the rf field when the ratio of 
the applied rf to the strength of the steady magnetic field 
equals the resonant constant for the selected nuclei. The 
amount of energy absorbed is proportional to the number of 
nuclei present in the sample (Rollwitz, 1983). 
The internal equilibrium of the material is changed 
when the samples absorb rf energy, and this energy is 
exchanged with the surroundings of the nuclei. There are 
two mechanisms which dominate this exchange. One is the 
exchange between neighboring nuclei, and the other is the 
exchange of energy with the rest of the surroundings. These 
mechanisms of exchange are called relaxation times. The 
relaxation time T„ is related to the energy exchanged with 
c 
the neighboring nuclei. The relaxation time T^ is related 
to the energy exchanged with the rest of surroundings. 
Rollwitz et al. (1983) reported applications of NMR 
to perform qualitative and quantitative measurements for 
several materials. They stated that for most materials 
discrete values for relaxation times were found. They 
reported that these relaxation times can be related to the 
constituents of the sample analysed. The authors performed 
another NMR signal analysis to estimate the concentration of 
several constituents having the same nuclei, as is the case 
for agricultural products. 
Matzkanin et al. (1983) used the NMR phenomena to 
estimate soil moisture content in the field. With the system 
mounted on the tractor? measurements of the soil moisture 
content were taken. These measurements were taken with the 
system moving at speeds of up to 17 Km/h and the analysis of 
the NMR signal showed that the measurements were independent 
of the travel speed. The correlation coefficient obtained 
between the NMR signal and the soil moisture content 
determined in the laboratory using standard practices was 
0.95 and that the NMR signal showed good results and 
indicated the potential to use the system to estimate soil 
moisture for large areas. 
Rollwitz (198^) reported on the use of NMR 
phenomena for several applications. Among the applications 
the author listed are the determination of moisture content 
and oil content in several agricultural products. The 
author concluded that concentrations of constituents can 
determined separately without weighing the samples by 
simple relationship of two NMR amplitudes of the FID curve 
MATERIALS AND METHODOLOGY 
All sugarcane samples were collected at the St. 
Gabriel Research Station of the Louisiana Agricultural 
Experiment Station. Commercial and experimental varieties 
were used to provide a wide range of values for each 
variable. The variables measured were the biomass? sugar, 
fiber > and the moisture contents in the sugarcane. The 
standard method used in this research to calculate the 
'true' values for each variable was the press method 
described by Tanimoto (1964) and used by Birkett <1979). 
The experiments for this research were conducted separately 
for each method involved? namely? NIR? microwave? gamma ray? 
and NMR. 
I - Near Infrared Spectroscopy Analysis 
A GARDENER/NEOTEC Research Composition Analyzer, 
model 6350 (Plate 1) with wavelength range of 1100 to S500 
nm was used to analyze shredded sugarcane samples. The 
minimum number of samples recommended for calibration is 50 
(Marten, 1984). A set of 61 samples was used in this study 
to select a set of wavelengths for correlation with the pol? 
fiber? sugar? and moisture contents. The NIR spectral 
frequencies of maximum correlation to the sugarcane 
constituents were selected f r om  the laboratory and NIR data. 
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Plate 1. NIR instrument used in the sugarcane analysis. 
Calibrations were based on the second derivative of the 
log(l/R) curve (log(l/R) against wavelength). Using 
multiple regression analysis, a total of four wavelengths 
were selected (two numerator and two denominator values) for 
each of the four constituents measured. These wavelengths 
were selected by the NEOTEC software (Pacific Scientific, 
1979). Also, a set of two wavelengths was selected for an 
additive linear model to compare the values of correlation. 
Correlations between the selected wavelengths and the 
variables were obtained and correlations of the NIR method 
and the standard analysis were also calculated for each of 
the four constituents. 
NIR analysis was conducted according to the 
procedure recommended by the instrument manufacturer. A 
blank scan of the ceramic plate (standard for the 
instrument) was taken between each sample scan to guard 
against system drift. Samples were taken from 31 sugarcane 
varieties. Stalks of each variety were cut into an upper 
and lower half for a total of 61 samples (one sample was 
lost during analysis). The NIR data were collected at the 
USDA Southern Regional Research Center (SRRC) in New Orleans 
on two consecutive days because of the time required to 
prepare the samples and take all the required readings. 
Thirty-nine samples were analyzed on the first day and 22 on 
the next day. 
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Plate 2. Assembled (left) arid disassembled (right) 
sample holder for NIR analysis. 
Plate 3. Sugarcane chopper and the press used for the 
press method analysis (monted on the truck). 
Stalk halves were shredded using a Jeffco Food and 
Fodder Cutter-grinder Knife mill? model £65* size 10 mounted 
on a pickup truck (Plate 3> in the pilot plant at SRRC. A 
portion of the shredded material was used for standard 
laboratory analysis for pol, fiber, sugar, and moisture. 
The remainder was used for four replicates for NIR 
measurements. The standard and NIR analyses were performed 
immediately after shredding and simultaneously to minimize 
differences of the samples because of degradation. The NIR 
analysis required about one minute for each replicate for a 
complete spectrum. An additional three minutes were 
required for packing and cleaning the sample holder (Plate 
2 )  .  
The values obtained for pol, fiber, sugar, and 
moisture using the two methods were plotted against each 
other for comparison. The data points were fitted with 
simple linear regression techniques and compared with the 
"equal-value" (^5°) line, a straight line through the origin 
with slope equal to one. The r 2  values suggested the 
goodness-of-fit of the data to the straight line, whereas 
the slope values were used to determine parallelism of the 
fitted line to the equal-value line. Slope values different 
from 1.00 would indicate that the methods were inconsistent 
from one constituent level to another. The SAS ANOVA 
procedure was used to evaluate the differences between the 
two methods (SAS Institute Inc., 1985). 
II - Microwaves Analysis 
In this study a White-Westinghouse microwave oven, 
model KMBOOF (Plate A) was used to dry shredded sugarcane 
samples. Moisture was also determined with the standard 
press method and the heated air oven method at 85°C until 
constant weight was achieved. The microwave oven had a 
rated nominal output of 7E0 W at a frequency of £450 MHz. 
This microwave oven also had a capability of variable power 
in steps from 0 (no power) to 9 (full power). No special 
magnetron protection was used as the moisture contents of 
the samples were high. The true output power available for 
drying in the microwave oven was determined by heating 2 kg 
of water at known temperature in a pyrex glass beaker for a 
fixed time. The temperature increase of the water was 
recorded. The energy necessary to heat the beaker was 
considered negligible because the mass of water present was 
much more than the mass of the beaker. After this time 
period, the power available for heating the water was 
ca1cu1ated. 
Samples were prepared from 19 sugarcane varieties 
giving a wide range of moisture contents. Each sample of 
sugarcane was shredded using a Jeffco Food and Fodder 
cutter-grinder knife mill, Model S65BM size 10 and then 
divided into 3 subsamples. Each of the 3 subsamples was 
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Plate Resonant cavity of the microwave oven used 
for sugarcane moisture analysis. 
analyzed for moisture using the standard press method; 
heated air oven method and the microwave method. 
In order to develop the best microwave drying 
method for moisture determination, a large sample was 
prepared. Trial and error at different power levels and 
drying times was used to remove all the moisture without 
burning the sample. Four 15 g samples were placed in glass 
petri dishes on a rotating surface inside the oven (Plate 5) 
to assure a uniform distribution of microwave energy on all 
^ samples. The constant sample weight and number of samples 
per drying treatment assured the same microwave energy 
absorption per unit weight in each sample. Visual 
inspection was made to determine if loss of dry matter 
occurred. Loss of dry matter was characterized by visual 
signs of burning. Another variable determined was residual 
moisture after applying the combination of power and time. 
After weighing? the sample was placed in the microwave oven 
for an additional period of time to verify if additional 
moisture was removed. If additional moisture was removed? a 
new combination of power and time was used until a proper 
combination was achieved to dry to constant weight. 
Drying curves were developed for 2 power levels of 
5 and 9. A drying curve represented the effect of drying 
time on the measured moisture content at that power level. 
Subsamples from one large shredded sample were used for 
Shredded sugarcane samples in pyrex dishes 
and the device to rotate the samples in the 
microwave oven. 
drying for different lengths of time at both power levels. 
A drying curve was prepared for the best microwave drying 
method. 
Using the moisture content values obtained from the 
above procedure* the sugar content as a percent of the 
sugarcane weight was compared with the results obtained from 
the standard laboratory method. The equation to calculate 
the sugar content was obtained from derivations based on the 
results published by Tanimoto (1964) and is as follows: 
( M.C. * Pol > = 1  Sugar = 7—7-- --- , 2.1 
* ( 100 - brix ) 
where M.C. is the */. moisture content <w.b.)> 
Pol is the '/. of dextro-rotary substances in the 
juice, 
Brix is the total '/. of solids in the juice. 
The moisture and sugar values obtained using the 
different methods were plotted against each other for 
comparison. The data points were fitted to a linear 
regression line and compared to the 45° line through the 
origin. The r 2  values described the goodness of fit of the 
data to the straight line whereas the slope value was used 
to determine the parallelism of the calculated line to the 
^5° line. Slope values statistically different from 1.00 
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indicated that the method was inconsistent from one moisture 
level to the other. The ANDVA procedure (SAS Institute 
Inc.,1985) was used to detect differences in methods. 
Ill - Gamma Ray Analysis 
Photons can interact in several ways with materials 
placed between the gamma ray source and the gamma ray 
detector. There are three types of interactions which are 
dominant: photoelectric process* Compton scattering process, 
and pair production process as reported by Ruwe et al. 
(1966) and Aguiar (1983). Disregarding trace elements, 
sugarcane is composed of relatively low atomic number 
elements. For these elements, Compton scattering is the 
dominant process attenuating the gamma ray for a wide range 
of gamma ray energy, as can be shown by the probability of 
gamma ray interaction for low atomic number materials 
calculated by the K1ein-Nishina equation (Ruwe et al. 1966). 
This study was undertaken to estimate the linear 
and total mass attenuation coefficients for sugarcane 
stalks. With the total mass attenuation coefficient 
available, the sugarcane biomass can be estimated. A 
statistical analysis was performed to evaluate the measured 
parameters. 
Since a collimated gamma ray beam which yields an 
unshielded intensity I at the detector is partially 
attenuated when a material is placed between the gamma ray 
source and the detector, the intensity of the attenuated 
gamma ray beam I at the detector is (whyte, 1959): 
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1 = 1 * e < H** }  (3.1) 
o 
where I = the intensity of gamma rays beam after being 
attenuated; 
I = the non attenuated gamma ray intensity; 
o 
H = the linear attenuation coefficient El/L]; and 
x = the path length of the gamma rays CL3. 
The total mass attenuation coefficient is expressed 
in terms of area per unit of mass. The factor that relates 
the linear attenuation and the total mass attenuation 
coefficients is the density of the material. If one defines 
F as the total mass attenuation coefficient then: 
m 
r t ^ - (H *d*x) 1 = 1 *e m (3.2) 
o 
where d is the density of the material. 
Using the equations 3.1 and 3.2? the relation of 
the linear attenuation and the total mass attenuation 
coefficients can be obtained: 
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Fig. 1 - Instrument Configuration for the sugarcane stalk 
scanner for measuring gamma ray attenuation. 
analyzer, and a computer (plate 6). Specifically! a 
Camberra multichannel analyzer, series 10; an IBM personal 
computer with 256k bytes of memory connected to the 
multichannel analyzer through the RS-S3S serial port; and a 
Harowhaw Nal detector assembly were used for this research. 
A sample holder was constructed to move sugarcane specimens 
through the beam (Figures 3 and 5). A variable speed motor 
was used to rotate a threaded rod which impelled the sample 
through the gamma ray beam. The sample holder (Plate 7) was 
designed to move the sugarcane sample through the collimated 
gamma ray beam (Plate B) at a very low speed. This feature 
provided for a very small variation of the diameter during 
the dwell time. The Nal detector and the source were 
shielded with 2.5 cm of lead to minimize the background 
radiation effect and to protect the operator from stray 
gamma radiation. The collimated gamma ray beam was formed 
by a rectangular 2.5 cm high and 0.32 cm wide scanning 
window (Plate 9) through the lead wall. A similar scanning 
window was made in the detector collimator. The two 
collimator slits had to be aligned carefully to assure 
reproducible results. 
137 A 5 microcurie (HCi) Cs gamma ray source was 
used first. Because of the low count rate obtained with 
this small source, approximately 100 counts/sec, poor 
137 
quality data were obtained. A Cs gamma ray source with 
Plate 6. Gamma ray instrumentation and microcomputer 






Fig. 3 - Sketch of the sugarcane gamma ray scanning window 
in relation to the source and detector. 
Cane Portion 
Schematic sugarcane stalk scanner. 
36 
Plate 7. Gamma ray detector (1)» sugarcane stalk sample 
(E)» and sample holder <3) used for the 
sugarcane analysis. 
Plate 8. Sugarcane sample holder (left) and collimators 
(right) used in the gamma ray analysis. 
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Plate 9. Gamma ray detector <1)> detector collimator 
(S)> source collimator (3), and gamma ray 
source (4) used for sugarcane analysis. 
intensity of 500 HCi was substituted. This source provided 
count rates ranging from BOO to 950 counts/sec. 
Randomly selected samples from 13 different 
sugarcane varieties were used. From each stalk three 
portions were taken: one from the bottom third* one from 
the middle third and one from the top third. Each stalk was 
randomly assigned to be scanned through the node or 
internode area. Four scans were made for each portion and 
the individual scan data were recorded on a computer 
diskette in a separate file identified by the coding 
designation SPWPR. For this code, SP was a header name; W 
was the stalk number; P was a portion scanned, 1 for bottom, 
S for middle, and 3 for top portion of the stalk; and, 
finally, R was used to identify the replicate number 1 
through . Immediately after the section was scanned, it 
was removed from the portion with a knife, and the density 
and moisture were measured. Variety, portion weight, 
portion moisture, scan section weight, scan section 
moisture, portion density, and scan section density were 
recorded. The recorded data also noted whether the scan 
section was for a node or internode on the- portion. 
The gamma ray data collected was smoothed by a 
digital low-pass filter. The low-pass filter is a filter 
which allows the passage of low frequency signals and blocks 
the passage of high frequency signals (Foster, 198E). To 
use this filter, the gamma ray data were considered to be a 
low frequency signal with high frequency noise. 
Mathematically, the new output value is dependent on the 
last output value and the new input value. The output and 
input relationship is written as: 
Y ,  =  (  1  -  B ) * Y ,  ,  +  B * X  ( 3 .  ^ )  
k k -1 k 
output value 
input value 
last output value 
filtering constant 




This digital low-pass filter, based on the 
Resistor-Capacitor (RC) analog filter, has a "cutoff" 
frequency f (frequency at which the signal decays to 0.707 
parts of its initial value) of: 
f = 1/C S itR C )  ( 3 . 5 )  
c 
and R C  is the decay time t. Based on equation 3 . 5 ,  the 
signal will decay by value equal to or less than 1/e after 
1/B samplings. Then one can write: 
f = B / < 2 ttT )  ( 3 . 6 )  
c 
where T is the sampling time. 
The Nyquist frequency 
half of the sampling frequency 
for this case is one 
T = 1/f <3.7) 
s 
f = f /2 (3.8) 
n s 
Using equations 3.6, 3.7 and 3.8 one can find that 
f = (  B /tt ) *f ( 3 . 9 )  
c n 
For these particular gamma ray scan data, the 
sampling frequency was 1 Hz. Then using the equations 3.8, 
and 3.9 one can obtain: 
B = 2nf (3.10) 
c 
A trial and error technique was used to choose the 
value for B to filter the gamma ray scan data. This value 
was extracted from Figure 2 and equation 3.10. The result, 
B = 0.12, lies on the linear portion of the figure as 
recommended by Foster, 198S. Based on this result, a double 
low-pass filter was used on the gamma ray (Figure 7) scan 
data (computer program in Appendix 3). The result of this 
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Fig. 2 - Plot of the Nyquist frequency fraction ) as a function of the 
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Fig. 10 - Raw data and filtered data of a sugarcane stalk superimposed. 
Ln 
The computer program (Appendix U) was next used to 
select that part of the scan data while the sugarcane 
specimen actually was intercepting the gamma ray beam. A 
gamma ray scan data file was formed such that the first 
point represented the value when the stalk was at one edge 
of the scanning window, and the last point represented the 
situation where the sugarcane specimen had been scanned 
across its diameter and it was at the opposite edge of the 
scanning window (Figure 9). 
To calculate the linear attenuation coefficient 
(Figure 11>, a mathematical approach based on equation 3.1 
was used. One very important assumption was that the gamma 
ray beam was uniformly distributed along the smaller opening 
of the scanning window and it was perpendicular to the 
sugarcane cylinder. The other assumptions were: (1) the 
sugarcane stalk was a perfect cylinder; (2) the scanning 
window had no dimensional variations; and (3) there was a 
perfect alignment of the sugarcane cylinder walls with the 
vertical edge of the scanning window. 
The value of I was based on the average of the 
o 
first and last point of IS scans, which were all the scans 
taken from one whole stalk. Based on the assumptions listed 
above, the gamma ray beam was subdivided into n sections 
such that SI. =I;EI.=I; and I . = I /n. 
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9 - Gamma ray scan data for a stalk of sugarcane. The total time multiplied by 
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The sugarcane stalk is basically composed of two 
layers. An inner layer (the core) consists mostly of cells 
that retain sugar and water. The inner layer is surrounded 
by a denser outer layer (the rind). The outer layer is 
composed mostly of fiber, and its thickness varies from 1 to 
2 mm. The most common value for this layer is 1.8 mm 
(Figure *•). Densities of the core and the rind were 
previously measured using the water displacement method, and 
the results showed that the rind was higher in density than 
the core. These measurements were made for several portions 
of the stalk as well as for the node and internode areas. 
f 
Also, the density of the node was less than the density of 
the internode (Table 1). 
The mathematical model, using the assumptions 
previously mentioned, to calculate the linear attenuation 
coefficient, can be written as: 
I .  -  I  e""Vli * VW (3"11> 
1 o 
where F is the linear attenuation coefficient for 
the rind; 
Fg is the linear attenuation coefficient 
for the core; 
is the path length through the rind; and 







Fig. A - Sugarcane stalk cross section approximation for 
gamma ray analysis. 
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Table 1. Sugarcane stalk density Cgrams/cubic centimeter] 
STALK STALK DENSITY. 




























DENSITY AVERAGE BY NODE 
SECTION WHOLE CORE RIND 
NODE 0.90 0.85 0.95 
INTERNODE 1.03 0.9B 1.06 
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Considering that sugarcane is composed only of 
relatively low atomic number elements, one can say that: 
Hg/Fj = constant (3.12) 
For materials composed of relatively low atomic 
number, less then SO, the following approximations can be 
made (Mcllhenny, 1986): 
Total No. of nucleons = N + 2 (3.13) 
where N is the number of neutrons and 
2 is the number of protons. 
Because the mass of the proton and the neutron is 
almost equal, an average nucleon mass can be defined: 
m = (m + m >/£ (3.14) 
nuc p n 
where m is the proton mass 
P 
m is the neutron mass. 
n 
m is the nucleon mass 
nuc 
(total No. of nucleons) * m ~ Atwt (3.15) 
nuc 
where Atwt is the atomic weight. 
If 2 < 20 then one can consider N ~ 2 ... (3.16) 
Using equations 3.13, 3.1^, 3.15, and 3.16 then: 
2*2*m ~ Atwt (3.17) 
nuc 
By definition the value of the linear attenuation 
coefficient H is: 
F = cr * N (3.19) 
e e 
where H = linear attenuation coefficient Cl/L], 
cr = microscopic electron cross section CL2D» 
e 
3 
N = No. of electrons per unit volume Cl/L 3. 
e 
Also, N = A (W/M) *2 (3.19) 
e v 
= A (W/2) (3.20) 
v 
where A^ is Avogrado's number, 
3 
W is specific weight M/L , 
M is mean molecular weight CM/mol3, 
2 is the effective atomic number. 
Since W can be considered equal to the density then 




where F is the linear attenuation coefficient 
k is the material constant = A *Z/M and 
v 
d is the density of the material. 
Using the equation 3.SI one can write the 
relationship: 
H = H - ,*(d /d . .) < 3. 22 > 
core rind core rind 
Based on the result of equation 3.22> the 
mathematical model to calculate the linear attenuation 
coefficient from equation 3.11 becomes: 
I. = I e (Hl*li + CHlKSi> (3-23) 
1 o 
where C = d /d . 
core rind 
Mak i ng: 
©j = x4 . + Cx_ (3.2^) l 11 2i 
eX = (1 + x + x2/ £ ! + x3/3! ...) (3.25) 
Equation 3.25 is the Taylor's exponential 
expansion formula. 
Using equations 3.24 and 3.25, substituting into 
equation 3.S3, and then making the summation over 'i', the 
model becomes: 
2 1 .  = 1 = 1  / n C l  -  H © -  +  H 2 © ?  -  H 3 © ? / 6 3  ( 3 . 2 6 )  
1  o  1 1 1  
nl/I = n - HE©. + (H2/S)S©? + (H3/6)I©3 .. (3.S7) 
o 1 1 i 
Mak i ng: 
K1 
- 2© 
K2 - Z©? 
K J - s©3 J 
Using equations 3.28, 3.29, 3.30 and substituting 
into equation 3.37 the model becomes: 
H3 - (3*K_/K_)H 2 + (6*K,/K_)H + 6*n/K_(I/I -1)=0 .. (3.31) 
S3 13 3 O 
Equation 3.31 is a polynomial of third degree and 
can be rewritten as: 
H3 +-C1H2 + CEH + C3 = 0 (3.32) 
The solution of the equation 3.32, as per (Perry, 
1963) page 2-10, is as follows: 
Using the identity H = Y — Cl/3, equation 3.35 can 
be rewritten as: 
Y3 + PH + Q = 0 (3.33) 
Therefore, 
P = 1/3C3*C£ - (Cl)23 (3. 34 ) 
Q = 1/£7C£7*C3 - 9*C1*C£ + 2*<C1)3] (3.35) 
R = (P/3)3 + (Q/£)3 (3.36) 
Y1 = A + B (3.37) 
YE = -1/£(A + B) + {iC(3/S)31/S>(A - B) (3.38) 
Y3 = -1 /£ (A + B) - { i [(3 / e ) 3 1/2XA - B) (3.39) 
where i2 = -1 and 
When CI» CE» C3 are real coefficients and R > O, 
there are two conjugate complex roots and one real root. If 
(3.40) 
(3.41) 
R = 0 there are three unequal real roots; and if R < 0, then 
the solution formulas above are impractical. 
Calculations for the path lengths were made using 
cords of the cross section of sugarcane cylinder (Figure 4). 
The gamma ray beam (Figure 3) was divided into n sections. 
The calculated cord length in a cylinder is a good 
approximation of the path length of the gamma ray depending 
on the value of n. 
The equations for this calculation of the cord 
length (Figure 6) for the cylinder cross section are given 
as: 
SX = CCR2 - (CR - VP)2:1/e (3.4E) 
SZ = C(CR - RT)2 - (CR - YP)2D1/2 (3.43) 
where CR is the cane radius, 
YP is the diameter position, and 
RT is the rind thickness. 
Using equation 3.42 and 3.43, one can calculate Xj 
and Xg for equation 3.S3 by: 
x 1 = 2*tfX - S*«TZ (3.44) 
Fig. 6 - Representation of the core and rind path length for 
gannna ray analysis. 
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x g = a*£Z <3.45) 
The first step for the gamma ray data collection 
was to set the multichannel analyser (MCA) in the pulse 
height analysis mode to scan the gamma ray radiation source. 
With the instrument in this mode, the photo-peak of the 
137 Cs source was selected. This enables the instrument to 
count photons within the energy level of the photo-peak 
selected. After the photo-peak selection, the MCA was set 
in the multichannel scanning mode. In this mode the 
instrument integrates only the signals coming from photons 
which were in the photo-peak band of energy. 
The samples were prepared such that a portion of 
the bottom, a portion of the middle, and a portion of the 
top of the stalk were selected. Each portion was scanned 
four times and the scan data saved on diskettes in the 
IBM-PC. The part of the portion coincident with the 
scanning window was cut away from the remainder with a 
knife, and the volume, mass, and moisture content were 
measured for the scanning part and for the whole portion of 
the sugarcane stalk. The volume of the sugarcane stalk was 
measured by the water displacement method. Moisture content 
was measured using the heated air oven technique. 
As a typical example, the scanning raw data for the 
sample SP1S12 is presented in Figure 7, the filtered data is 
presented in Figure 8, the selected scan data is presented 
in Figure 9, and the H values is presented in Figure 11. 
Calculations for H using the scan data for all 
specimens were performed as described previously. The H 
values were analysed using SAS <SAS Institute Inc., 1985) 
for variances and interactions of the calculated and 
measured values. Also, based on the linear attenuation 
coefficient value, H> a total mass attenuation coefficient 
H was calculated. The total mass attenuation coefficient 
m 
was calculated based on the density of the scanning portion 
using equation 3.3. A SAS program was employed to analyze 
the variances of the parameters estimated. 
Using the average Fm value calculated with the SAS 
program, the mass of the scanning portion was calculated and 
then multiplied by the factor corresponding to the length of 
the portion to calculate the portion mass. A regression 
analysis was performed where the calculated mass was the 
independent variable. The regression line with slope of 1 
and intercept of 0 were statistically tested. 
IV - Nuclear Magnetic Resonance Analysis 
The NMR data were collected at the Southwest 
Research Institute (SRI) at San Antonio, Texas. A 57 MHz 
SRI NMR instrument (Plate 10) was used to obtain the 
sugarcane FID curves for this research. The sensitive 
volume of the coil in the magnetic field was 4 cm in 
diameter and 7.5 cm in length. The maximum NMR amplitude, 
V 5 was selected from the FID curve. Then the ratio V/V was 
m m 
calculated for all subsequent amplitudes. The ratios were 
individually correlated to the moisture content using the 
»• 
SAS correlation procedure (SAS Institute Inc., 1985). A 
second time constant, the one that identified the second NMR 
amplitude V, was obtained from the best correlation value. 
Then the ratio V. ./V was used to calculate the moisture best m 
content such that: 
Ma ./V best m 
where M is the calculated moisture; 
Vbest *S *he amPl*tucle a* a time identifying the NMR 
amplitude that best correlates with the moisture 
content; and 
V is the maximum amplitude of the FID. 
m 
Samples of sugarcane stalks were taken from six 
different varieties. Two stalks of each variety were used. 

Each stalk was divided into three portions (bottom, middle, 
and top). Two 5 cm long sections were cut from each portion 
such that one consisted of the internode and the other was a 
node. A FID for each sample was obtained and using a 
Nicolet digital oscilloscope, model 409^A the FID curve was 
saved on an oscilloscope diskette. An IBM personal computer 
was connected to the oscilloscope through the RS23S serial 
port and the FID curves were retrieved from the oscilloscope 
diskette and recorded on the computer diskette. After the 
NMR analysis, the samples were kept refrigerated for 
measuring the brix and the moisture content on the next day. 
To perform this measurement, the sample was divided into 
four subsamples with two being used for brix determination 
and the other two for moisture measurement. 
« 
Two subsamples were pressed and the juice 
collected. This juice was used for the brix determinations. 
The brix determination of the two.subsamples were taken with 
an ABBE refractometer and recorded. The moisture 
measurement was made using a heated air oven. The oven was 
set at 85° C and the other two subsamples were weighed, 
placed in the oven for drying to constant weight and weighed 
again. The weight difference was attributed to moisture 
content in the subsample. The moisture content for the 
sample was calculated as the average of the two subsamples 
values. The SAS ANOVA procedure (SAS Institute Inc., 19B5) 
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was used to evaluate the main effects and interactions of 
the portion, node, and internode parts of the stalk. 
RESULTS AND DISCUSSION 
I - Near Infrared Spectroscopy Analysis 
The best calibration equations using the NEOTEC 
software were based on the second derivative of the optical 
density to reduce the effects of the particle size. The 
wavelengths selected* standard error, regression 
correlations, and multiple correlation coefficients for pol, 
fiber, sugar, and moisture are shown in Table 2. The 
multiple correlations ranged from 0.991 (pol) to 0.910 
(fiber) whereas the standard error ranged from 0.540 (sugar) 
to 1.064 (fiber). Besides particle size, another limiting 
factor was the presence of high moisture content in the 
samples (63.50 to 83.00'/. w.b.). This high moisture content 
tended to mask the signal for other constituents such as 
sugar (5.50 to 18.40*/.), pol (5.84 to 20.92'/.), and fiber 
(8.10 to 12-74'/.) . 
Another calibration equation based on the second 
derivative of the data was obtained. This equation was 
based on a linear additive model with two wavelengths. To 
select these wavelengths, a SAS stepwise regression 
procedure was used (SAS Institute Inc.* 1985). This 
procedure selected the best pair of wavelengths among the 
700 wavelengths used in the experiment (Table 3). These 
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equations had good coefficient of correlation values but 
they were lower than the ones obtained with the NEOTEC 
software. 
To analyze the differences between the NIR and the 
standard methods an ANOVA procedure was used. A total of 
156 samples were used to obtain the calibration equations; 
whereas, 2^ samples» including the 156 used for 
calibration, were used to estimate the error. In this 
procedure there was no evidence of differences among the 
methods at the 95'/. level of confidence. The results of the 
ANOVA procedure and the linear regression analysis for the 
standard method data and the • NIR data are presented in 
Appendix 1. The correlation coefficients for the four 
parameters studied ranged from 0.9^ (fiber) to 0.99 (sugar). 
The results obtained with the NIR analysis were 
compared with those from the standard press method. The 
regression results for pol, fiber, sugar, and moisture 
contents for the 61 samples analyzed are also presented in 
Appendix 1. The average difference in pol between the two 
techniques was —0.00^3 with a range of -1.32 to 0.92. The 
differences and ranges were 0.0^09, -1.60 to 1.86 for fiber; 
-0.0156, -1.S6 to 0.97 for sugar, and -0.009, -1.69 to 0.83 
for moisture. 
The linear regression models with the r2 values and 
the data points comparing the NIR and standard methods are 
plotted in Figures IS, 13, 1^, and 15 for pol, fiber, 
sugar, and moisture contents, respectively. Comparisons of 
the NIR and standard method to estimate pol, fiber, sugar, 
and moisture contents using the 4-5° (equal value) line are 
also shown in Figures IS, 13, 1^, and 15, The differences 
observed, slopes of regression lines, r2 values, and 
confidence intervals for these methods are presented in 
Table 4. Fiber measurement was the only constituent with 
the determination coefficient r2 value less than 0.95. 
However, even this was not significantly different from the 
standard technique <p>0.05). Pol, fiber, sugar, and 
moisture also did not show significant differences when the 
two methods were compared (p>0.05). This shows that NIR 
method can be used to estimate the pol, fiber, sugar, and 
moisture in sugarcane samples. 
45' LINE 
NIR POL VALUE, % JUICE fXJ 
Fig. 12 - Comparison of the sugarcane pol values (% of juice) obtained from the 














Y = 0.99 * X + 0.14 










NIR FIBER VALUE, % CANE [X1 
Fig .  13  -  Compar ison  o f  the  sugarcane  f iber  contents  (% o f  to ta l  mass)  obta ined  f rom 
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Fig .  14  -  Compar ison  o f  the  sugarcane  sugar  contents  (% o f  to ta l  mass)  obta ined  f rom 




NIR MOISTURE VALUES, % CANE [XJ 
Fig .  15  -  Compar ison  o f  the  sugarcane  mois ture  contents  (% o f  to ta l  mass)  obta ined  
f rom the  s tandard  method and  N IR  method.  
Table S Calibration equations to estimate pol, fiber, 
sugar, and moisture contents using NIR with the 
NEOTEC 6350 regression results. 
Regression Wavelengths Corr. Mult. 
Constants nm Coef f ^ Cor r ^  S t d_1_Er r or 
Pol 0.991 0.567 
K(0) = -2.846 
K(1) = -3.740 £572/1744 -0.985 
K(2) = 5.831 1138/1694 0.975 
Fiber 0.910 1.064 
K(0> = -9.127 
K <1) = 2.843 2214/1602 0.900 
K < 2) = -0.444 1894/1808 -0.805 
Sugar 0.987 0.540 
K(0) = -9.147 
K(1) = -2.941 2272/1746 -0.980 
K(2) = 126.754 1660/1842 0.941 
Moisture 0.989 0.983 
K(0) = 94.124 
K(1) = 11.543 2274/1816 0.983 
K < 2) = 14.367 1390/1468 0.977 
Table 3 Calibration equations to estimate pol» fiber, 
sugar, and moisture contents using NIR with the 
linear regression results. 
Regression Wavelengths Mult. Coeff. 
Constants nm Corr.. §tdi_Error 
Pol 0.936 
K ( 0) = —24 .551 
K ( 1 ) = 1134.142 2234 42.448 
K (S) = -US.280 2344 15.498 
Fiber 0.B36 
K(0) = 17.732 
K(1) = 202.65B 1396 11.920 
K(2) = -449.310 2250 65.542 
Sugar 0.960 
K < 0) = -1.790 
K ( 1 ) = <+391.760 1236 270.788 
K (2) = -**88.792 2272 17.697 
Moisture 0.934 
K(0) = 104.652 
K(i) = 2032.473 1220 239.988 
K < 2) = -395.104 1394 16.769 
Table 4 Comparison of sugarcane quality parameters* namely 
pol» sugar> fiber» and moisture content. 
Slope compared 
with standard 
r2 value of 








interval of the 
mean 
Stat ist ically 
different method 
at p>0.05 from 
ANOVA 
NIR Method for 
Po JL Sugar Fiber Moisture 
0.96 0.95 0.89 0.96 
0.96 0.96 0.83 0.96 
NO NO NO NO 
-0.01 -0.02 0.04 -0.01 
±0.18 ±0.14 ±0.50 ±0.18 
NO NO NO NO 
II - Microwave Analysis 
The best microwave drying method developed was 
drying for 6 min at power level 9, followed by stirring the 
material carefully* then drying for the next 5 min at power 
level 5, and finally drying for the last S min at power 
level 0 to achieve uniformity in the samples. The drying 
curves (as a function of time) for power levels 5 and 9 are 
presented in Figures 16 and 17 respectively. The horizontal 
line near the top shows the moisture content of the shredded 
sugarcane sample as determined by the standard press method. 
As the power level increased, the time to dry the samples 
decreased considerably. Also, as the samples neared 
complete dryness they started to burn at all the power 
levels used. Thus, a combination of high power initially to 
heat the samples quickly and remove most of the moisture, 
stirring to allow air movement through them when they were 
hot, and then heating at a lower power level to complete the 
drying was selected. The lower power level was selected to 
finish the drying of the samples because after removing most 
of the moisture, the need for energy was decreased and the 
lower power level allowed for partial protection of the 
magnetron also. The effect of stirring was seen as a rise 
in measured moisture content at 7 min drying time, Figure 
IB. Care must be taken during stirring not to lose any 












MC = -3.1 + 24.6 * LN(T) 
r 2 =  0 . 9 5  
+ 
8 12 16 20 
T 
24 
TIME, minutes [T] 
Fig. 16 - Effect of time in the microwave oven at power level 5 on the indicated 
moisture content. The horizontal line indicates the moisture content 



















MC = —1.4 + 38.1 * LN(T) 
r  = 0 . 9 9  
T 
7 
TIME, minutes [TJ 
Fig. 17 - Effect of time in the microwave oven at power level 9 on the indicated 
moisture content. The horizontal line indicates the moisture content 












MC = 10.7 + 27.2 * LN(T) 
r 2 =  0 . 9 6  
T 
4 8 10 12 
TIME, minutes [TJ 
Fig. 18 - Effect of time on the indicated moisture content using the microwave drying 
method developed in this study. The horizontal line indicates the moisture 
content determined by the standard method. Each point represents the 
average of four observations. 
•vj 
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The moisture values obtained from the standard, the 
microwave, and the heated air oven methods were not 
significantly different at the p > 0.05 probability level 
(Appendix 1). The sugar content, as percent of weight of 
cane was calculated using these moisture values (using 
equation 2.1). Regression relationships between the methods 
to determine the moisture content, and independent tests for 
the slope of 1 and intercept of 0 are presented in Appendix 
2. The regression curves and the data points are plotted in 
Figures 19, 20 and 21. The scatter of the points in the 
figures is because of the small variation in the moisture 
content of the samples involved in the study. The 
differences in the moisture content measurements of the 
samples among the three methods were not significant (p > 
0.05). 
The differences in the moisture content estimated by the 
microwave method and by the standard method did not 
significantly affect the calculation of the sugar content in 
the sample at the p > 0.05 probability level (Figure 18). 
The greatest moisture difference observed between the 
methods was 1.9V,, (Appendix 2). The maximum difference in 
the sugar content was 0.5*/.. The maximum moisture content 
difference was 2.5*/. of the true moisture value whereas the 
sugar content difference was of the true sugar value as 
calculated by the standard method. This leads to the 









Y = 0.85 * X + 10.40 
r = 0.79 
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45' LINE 
65 67 69 71 
M. C., MICROWAVE METHOD, % w.b. [X] 
73 75 
Fig .  19  -  Compar ison  o f  shredded sugarcane  mois ture  content  (w .b . )  obta ined  f rom the  










r2 = 0.88 
45• LINE 
M. C., OVEN METHOD, % w.b. [XJ 
Fig .  20  -  Compar ison  o f  shredded sugarcane  mois ture  content  (w .b . )  obta ined  f rom the  










r2 = 0.87 
45' LINE 
M. C., OVEN METHOD, % w.b. [X] 
Fig .  21  -  Compar ison  o f  shredded sugarcane  mois ture  content  (w .b . )  obta ined  f rom the  
heated  a i r  oven  method and  the  microwave  method.  
00 N? 
with 99'/. confidence would be in the interval -0.16V/. ± 
0.534'/. (Table 5). The true average differences in the sugar 
content calculated using the microwave method and the 
standard method with 99'/. confidence would be in the interval 
0.077'/. ± 0.121'/. (Table 6). The comparison of the sugar 
values calculated from the moisture contents determined by 
the microwave method and the standard method is shown in 
Figure 22 and the summary of the statistical analysis is 
























S. C., MICROWAVE METHOD, % CANE [X] 
Fig .  22  -  Compar ison  o f  the  sugar  contents  (% to ta l  mass)  ca lcu la ted  f rom mois ture  
contents  de termined  f rom the  s tandard  method and  the  microwave  method.  
00 
-P-
Table 5 Comparison of moisture contents using the three 
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Table 6 Comparison of sugar content using the microwave 




to standard 1.01 
£ 
r value of the 
slope 1i ne 0.99 
Statistically 
different slope 
p >0.05 ND 
Average sugar '/. 
difference from 
the standard 0.077 
99*/. confidence 




at p>0.05 from 
the AN0VA NO 
Ill - Gamma Ray Analysis 
SAS software was used to analyze the gamma ray data 
(SAS Institute, 1985). Based on the value of the linear 
attenuation coefficient, F, the total mass attenuation 
coefficient, F , was calculated by: 
m 
H = (H/DS)*10000 
m 
where H is the total mass attenuation coefficient Ccm2/Kg]; 
m 
F is the linear attenuation coefficient Cl/mmD; and 
3 
DS is the density of the scan section Cg/cm 3. 
The constant 10000 is to make dimensions equivalent. 
The ANOVA from the SAS analysis (Appendix 6) 
suggested that the value for F was not different for the 
portions or node/internode area. Also, a similar result was 
seen for the F • The correlations among the parameters 
measured and calculated are also presented in Appendix 6. 
There seemed to be a very low correlation between the 
density and the parameter F» but the correlation was still 
significant. This low correlation was because F is 
proportional to the density of the core or to the density of 
the rind. Since the correlation coefficient presented was 
based on the density of the whole section, a lower 
correlation was expected. 
With the calculated average F value, the mass for 
m 
the scanning section was calculated using the scan file and 
the equation: 
m = S(1n(I /I>*A/H 
o m 
m is the mass of the scanning section [grams]; 
is the intensity of the gamma ray beam [counts/sec]i 
is the intensity of the partially attenuated beam 
C counts/sec D; 
is the area of the detector collimator [mm*]; and 
is the total mass attenuation coefficient Cmm2/gram]. 
The mass calculated for the section was correlated 
to the measured mass. The coefficient of correlation, r, 
equalled 0. 9^t. A straight line was fitted to the calculated 
mass to compare with the measured mass (Figure S3). The 
ANOVA results showed no significant differences between the 
two methods (p > 0.05). The coefficient of determination, 
r2, for the regression line was 0.89. Also, the independent 
tests for slope of 1 and intercept of 0 showed no 
difference. 
The mass of the portion was calculated by 
multiplying the mass for the scan section by a constant. 












t = 0.89 
a 12 16 
SCAN SECTION MASS, grams [XJ 
Fig .  23  -  Compar ison  o f  the  ca lcu la ted  mass  us ing  the  gamma ray  t ransmiss ion  and  the  
measured  mass  o f  the  .scan  sec t ion  o f  the  sugarcane  s ta lk .  
00 
vo 
c = L/h 
where C is the multiplying constant; 
L is the length of the portion; and 
h is the height of the scanning window, 
The correlation coefficient between the calculated 
and the measured masses for the portion was 0.93. A 
straight line was fit to compare the calculated mass with 
the measured mass of the portion. The coefficient of 
determination, r2, for the regression line was 0.86 (Figure 
24 > . The independent tests for slope of 1 and for 
intercept of 0 showed results similar to the ones for the 
mass of the scanning section (Appendix 7). 
The error seemed to increase as the mass of the 
scan section reached higher values (Figures E3 and 24). An 
explanation for this is that the scan section was separated 
from the sample with a knife. A small error in cutting the 
length of the scan section of the samples with larger 
diameters resulted in larger difference than samples with 
smaller diameter. This error was the result of experimental 
techniques rather than a model error to calculate the mass. 
The apparent difference shown in Figures 23 and 24 did not 
show up in the coefficient of determination, r2 = 0.89, 
which is high. Also, it did not affect the independent 
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24  -  Compar ison  o f  the  ca lcu la ted  mass  us ing  the  gamma ray  t ransmiss ion  and  the  
measured  mass  o f  the  por t ion  o f  the  sugarcane  s ta lk .  
A plastic cylinder (lucite) was used to verify the 
accuracy of the experiment. Four scans were made of thf 
plastic. The points to calculate the mass of the cylindei 
were taken from the center of the scan data. These dat 
were taken within 4 mm of the center of the cylindei 
(Figures 31, 32, 33, and 34) and the F value was the 
calculated average from the four replicates (Figure 35). 
The observed mass of the cylinder section was E.l g. The 
table below (Table 7) shows the replicate, 1,1 , I , 
o max min 
and the respective calculated masses using the gamma ray 
count. 
Table 7. Values of calculated masses of the center section 
of a plastic (lucite) cylinder, CgJ. 
REPLICATE I I I . MASS MASS . 
o max  mm max mm 
1 843 688 667 2.14 1.86 
2 843 677 664 2.18 2.01 
3 843 680 660 2.24 1.97 
4 843 673 661 _2_.22_ _2i0 6_ 
Averages 2,195 2.085 
OVERALL MASS AVERAGE = 2.085 g 
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Fig .  31  -  F i l te red  data  and  scan  da ta  ( rep l ica te  1 )  fo r  the  p las t ic  ( luc i te )  
cy l inder .  
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Fig .  33  -  F i l te red  data  and  scan  da ta  ( rep l ica te  3 )  fo r  the  p las t ic  ( luc i te )  
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TIME (CYLINDER POSITION), seconds 
800 
Fig .  34  -  F i l te red  data  and  scan  da ta  ( rep l ica te  4 )  fo r  the  p las t ic  ( luc i te )  
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600 
Fig .  35  -  L inear  a t tenuat ion  coef f ic ient  ca lcu la ted  for  the  p las t ic  ( luc i te )  cy l inder  
( four  rep l ica tes ) .  
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The 95'/. confidence interval for the mean mass of 
the plastic was 2.09 ±0.11 g which represents a ± 5.3'/. of 
the observed mass value. This value is quite good 
considering the variability in the gamma ray emissions which 
is evident from Figure 10. 
IV - Nuclear Magnetic Resonance Analysis 
Sugarcane stalks were found to have a long relaxation time 
(Figures £5 and 26). Water diffusion was also present in 
the samples (Figure 26) and was one factor that contributed 
to lowering the correlation values between the amplitude 
ratio and the moisture content (Rollwitz, personal 
communication). The best correlation value between the 
moisture content and the amplitude ratio was 0.82. By 
controlling the inhomogeneity of the magnetic field the 
water diffusion signal can be separated from the total 
signal and better results can be achieved (Rollwitz? 
personal communication). 
A computer program (SAS institute Inc., 1985) was 
used to select the maximum value of the NMR amplitude (peak 
of the FID) and the corresponding time constant from the FID 
curves. The time constant of 27 Hsec was thus determined. 
A typical FID curve for a sugarcane sample is shown in 
Figure 27. Using this time constant, the amplitude at 27 
Hsec was obtained (Vg7). The amplitude ratios (VVVg7> were 
calculated for all subsequent time constants. These 
amplitude ratios were used to determine the correlation with 
the moisture content in order to determine the second time 
constant of the amplitude ratio. The set of ten values with 
best correlation is presented in Table 8. The NMR amplitude 
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Fig. 27 - Free induction decay (FID) curve for sugarcane stalk. 
o 
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value for this amplitude ratio was 0.82. Hence the 
amplitude ratio V ,^/V was used. The ANOVA procedure was 
used for the analysis of variance (SAS Institute* 1985). 
The results of the analysis of variance are presented in 
Appendix 8. Only main effects were found to be significant 
for the amplitude ratio and for the moisture. The portion 
of the stalk was found to have significant effect on both 
the moisture and amplitude ratio (p < 0.05). The means for 
the stalk portion moisture in descending order were for the 
top? middle> and bottom parts of the stalk. The means of 
amplitude ratio for the stalk portion also were found to 
have the same order found for the portion moisture. The 
results of the regression analysis of the amplitude ratio on 
moisture are also shown in the Figure 58 and appendix 9. 
The intercept of the regression line was significantly 
different from zero* and the slope was significantly 
different from one (p < 0.05). The r2 value for the 
regression line was 0.67. The relationship between the 
calculated and the measured moisture values is shown in 
Figure 29. A plot of the residuals (difference between the 
calculated and measured values) is presented in Figure 30. 
The residuals seemed to be random about the horizontal line 
from zero which suggested that the transformation of the 
data would not significantly improve upon the correlation 
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Fig. 28 - Regression line and data points of the NMR amplitude ratio and the moisture 
content values. 
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Fig. 29 -  Comparison of the sugarcane moisture contents determined from the NMR 
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Fig. 30 - Representation of the residuals as a function of the moisture content 
obtained from the NMR regression equation. 
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Table 8 Ten best correlation coefficient values between 
the moisture and the time constant for amplitude 
ratios. 
OBS TIME CONST. CORRELATION 
1 47 0.819 
E 63 0.793 
3 6E 0.789 
4 58 0.781 
5 76 0.777 
6 78 0.77E 
7 53 0.769 
8 87 0.768 
9 70 0.761 
10 81 0.761 
In order to verify the rep 1icabi1ity of the 
calculated values, the data were divided into two parts with 
36 observations each. The first part of the data was 
composed of one replicate and the other had the reminder. A 
regression of the amplitude ratios on the moisture contents 
was first obtained. This regression equation was then used 
to calculate the moisture content of the second replicate. 
The coefficient of determination was calculated as follows 
to evaluate the rep1icabi1ity: 
SSE = Z(MOIST - MOISTC)2 
SSTOTAL = Z(MOIST - AVGMOIST)2 
R 2  = (SSTOTAL - SSE)/SSTOTAL 
where SSE is sum of squares of error = 163.823 
MOIST is the observed moisture; '/. 
MOISTC is the calculated moisture, */. 
SSTOTAL is sum of squares of total = 545.176 
AVGMOIST is the average observed moisture, */. 
R2 is the coefficient of determination = 0.70. 
The coefficient of determination of the regression 
line was 0.63 (Appendix 8). It was concluded that the 
calculated moisture values were replicated for the other set 
of data in spite of the relatively low coefficient of 
determination of the regression line because the calculated 
determination coefficient was higher than the regression 
line determination coefficient. 
SUMMARY AND CONCLUSIONS 
NIR spectroscopy was used to develop a fast and 
accurate method to determine the pol, fiber* sugar, and 
moisture contents in shredded samples of sugarcane. There 
was no significant difference between the values determined 
by the standard method and the NIR method developed in this 
study (p>0.05). Considerable time can be saved in the 
analysis of sugarcane samples using an NIR instrument since 
shredding is the only sample preparation required for this 
technique. Proper sample blending, sample packing, and 
selection of the correct set of wavelengths are critical for 
accurate results. 
A household microwave oven was used to develop a 
fast, and accurate method to determine the moisture content 
and calculate the sugar content for shredded samples of 
sugarcane. There was no significant difference between the 
moisture values using the standard press method or the 
heated air oven method with the microwave method developed 
in this study <p>0.05>. Considerable time can be saved in 
the moisture analysis of sugarcane samples by using a 
household microwave oven. Sugar content can also be 
calculated as a percent of the total weight of the sugarcane 
110 
from the moisture content values since values for brix and 
pol are available. With the proper sample size, combination 
of power levels and time for each power level, accurate 
measurement of the moisture content can be achieved. Proper 
care must be taken however when stirring the samples in 
order to conserve all the material inside the drying dish 
and uniform stirring time should be used. 
A gamma ray scanner set up was used to scan 
portions of the stalk of sugarcane. The linear attenuation 
coefficients were not significantly different for the 
portion or for the node or internode sections (p > 0.05). 
There was no significant difference between the calculated 
mass and the measured mass of the scan section (p > 0.05). 
Similar results were obtained for the calculated mass and 
measured mass of the portion. The results achieved in this 
research showed that the use of gamma ray transmission 
method can be used to estimate biomass of sugarcane. Based 
on the plastic cylinder analysis used to verify the accuracy 
of the experiment, it was found that the mass of the sample 
could be estimated within ± 5.3*/. of the actual mass. 
The use of NMR to estimate moisture in sugarcane 
samples was not very accurate and the coefficient of 
determination <r2) between the calculated moisture and the 
measured moisture was 0.67. The independent test for the 
slope and intercept showed that the slope was significantly 
different from one and intercept significantly different 
from zero mainly because of the relatively low r2 (p < 
0.05). The comparision of the calculated and measured 
moisture values showed that the results could be replicated 
even with this relatively low coefficient of determination. 
The two major problems identified in this research were the 
magnetic inhomogeneity and the variation of the effective 
relaxation time because of the high moisture content of the 
sample. If the inhomogeneity is controlled and the effect 
of the change of the relaxation time is considered, then 
better results can be expected. 
RECOMMENDATIONS FOR FURTHER STUDIES 
This research provided some alternatives for the 
analysis of sugarcane for sugar, fiber, and moisture 
contents as well as furnishing the base to estimate the 
sugarcane biomass in the field. The use of NIR for sugar, 
fiber, and moisture yielded very good results. The use of 
microwave oven can speed up the sugarcane moisture and sugar 
evaluation process as compared to the the standard press 
method. Gamma rays can be used for biomass determination of 
sugarcane in the field. NMR can measure moisture content 
but some more work needs to be done to improve its accuracy. 
The recommendation for further work is divided into four 
par ts. 
I - Recomendatios for NIR spectroscopy Analysis 
The results of NIR were very close to the results 
from the standard press method. The precision of the NIR 
method depends on the precision of the standard values used 
for calibration. Also, if a more precise method such as 
High Pressure Liquid Cromatograpny (HPLC) or Gas 
Cromatography (GC) for sucrose and direct measurement of 
fiber is used for determination of the sugar* fiber, and 
moisture content for NIR calibration then even better 
113 
results can be achieved. The next step to apply NIR is to 
use industrial samples which contain trash> mud > sandj and 
others impurities. This step is necessary to obtain a 
calibration equation which includes these other source of 
variations in the samples. The steps necessary to obtain 
good results need to include a set of samples which can 
represent the population to be analyzed. The second point 
to stress is to follow the same routine for NIR analysis as 
used for the calibration. Another variable that should be 
included in the study is the deterioration level of the 
sugarcane. The NIR analysis can then be tested to analyze 
this very important variable. 
II - Recommendations for Microwave Analysis 
The microwave method to determine moisture content 
of the sugarcane yielded very close results when compared 
with the standard press method. This method can be used to 
accelerate the press method which is widely used now. The 
experiment that could be done is to apply multiple 
frequencies for drying sugarcane. A lower frequency would 
allow a deeper penetration thus increasing the temperature 
of the center of the sample faster. The higher frequency 
would have a smaller penetration that would incresase the 
outside temperature faster. This combination would heat the 
water in the sample faster giving a more rapid rate of 
drying. 
Ill - Recommendations for Gamma Ray Analysis 
1 - The shape of the gamma ray source can be 
improved by approximating a line-source geometry with a slim 
rectangular shape. This can be accomplished by making the 
sorce-to-detector distance greater than three times the 
source length. This shape will improve the counting base 
for a given dwell time. Also, the scanning window can be 
made slightly bigger than the one used in this study. This 
will allow a further increase in the counting base for a 
given dwell time. The considerations above will yield an 
improved counting base approximatly ten times greater than 
the counting base obtained in this study and thus permit 
approximatly ten fold increase in the scanning speed. 
2 - The counting base can also be improved by 
increasing the dwell time. If the dwell time can be changed 
from 1 to 10 sec., then the counting base will be improved 
10 times. 
3 - The two items mentioned above can increase the 
counting base up to 100 times the base obtained in this 
study. The travel speed is a function of the intensity of 
the gamma ray source since the parameters such as scanning 
window size, source shape, and source detector distance are 
fixed. The average speed used in this study was 2.65 
mm/min. With the improvements listed above, the travel 
speed can be increased to 265 mm/min. The intensity of the 
gamma ray source used in this study was 500 FCi . A scanning 
travel speed of about 16m/min would need a gamma ray source 
of 30 mCi which is safe. 
h - The distance between the source and detector is 
a very important parameter. Theoretically the count rate is 
inversely proportional to the square of the distance between 
the source and detector. In the present study this distance 
was 20 cm. The total biomass should be estimated by 
gathering the stalks of one row of sugarcane within 20 cm 
distance to use the same setup as described in this study. 
5 - The other parameter necessary to calculate the 
biomass present in a row of sugarcane is the stalk height. 
Three suggestions can be made to acomplish this. The first 
method would use a visual approach. The operator would 
visually estimate the stalk height and then position a 
measuring device such that the computer receives the height 
parameter to include in the caleu1ations. The second method 
can use another gamma ray source and detector to estimate 
the stalk height. The signal coming from the height 
controller can be compared with the signal of the mass 
detector. If the signals are very close in amplitude then 
the height controller must be raised. If the signal coming 
from the height controller is very different from the mass 
detector* then the height controller must be lowered. The 
third method would apply a top-of-the-leaves detector (e.g. 
photocell) and estimate the total height (stalk + top). Then 
a percent of this total sugarcane height can be attributed 
to the stalk height. This value can be fed in the computer 
to estimate the biomass. 
6 - The components necessary for this prototype are 
a collimated gamma ray source, a multichannel analyzer, and 
a collimated gamma ray detector. Printed-circuit boards to 
transform personal computers into multichannel analyzers are 
commercially available. This would allow the use of 
personal computers for such an application, and (during idle 
times) the computer can be used for other tasks as well. 
7 - Important factors to consider: 
- Maintain and use a standard mass to check the 
accuracy of the instruments regularly. This verification is 
necessary to check the high voltage source drift, alignment 
of source detector, and instrument setup parameters. The 
effect of the life of the gamma ray source will be 
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negligible, since the half life for Cs is 30 years. The 
variation in intensity during a few years therefore will be 
very smal1. 
- The gamma ray source must be mechanically 





showed that even small movements of the 
produce variations in the count rate. 
There must always be a proper alignment of the 
source and detector such that the count rate is not affected 
by this parameter. 
- Provision must be made to shield the gamma ray 
source completely when not in use, and to provide adequate 
shielding for the operator while the source is scanning the 
reference standard of sugarcane.' 
IV - Recommendations for NMR Analysis 
The NMR technique was not very succesful in 
sugarcane analysis. The water content was very high and the 
water diffusion lowered the correlation between the ratio of 
the NMR amplitudes and the moisture content because of the 
magnetic inhomogeneity. The inhomogeneity of the magnet can 
be controlled and the signal from the water diffusion can 
then be separated. Also a study of the chemical bonding 
levels of the water in sugarcane samples can be made. The 
study of the bonding levels will yield the values of the 
ralaxation time for each bonding level. The other point to 
stress is that the effective relaxation time changes with 
the moisture content in the sample as reported by AS et al.> 
1986. These studies can provide more information for the 
use of NMR as a sugarcane analyzer. The effective 
relaxation time T£ and the relationship of the FID amplitude 
ratio should be monitored. This would help in determining 
whether one or both effects should be used to estimate the 
moisture content of the sugarcane samples. 
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NIR DATA SAS ANALYSIS 
A. SAS PROGRAM USED 
DATA BOTH; 
INFILE SOURCEL(NIRA); 
INPUT OBS TRT $ POL FIBER SUGAR MOIST; 
IF TRT='DIF' THEN DELETE; 
PROC ANOVA; 
CLASS TRT; 
MODEL POL FIBER SUGAR MOIST=TRT; 
MEANS TRT/LSD LINES; 
DATA LAB; 
SET BOTH; 

























































SISTEST INTERCEPTS,M0ISTNIR=1 ; 
DATA DIF; 
INFILE SOURCE1(NIRA); 
INPUT OBS TRT * POL FIBER SUGAR MOIST; 
IF TRT ='DIF'; 
PROC MEANS MEAN STD STDERR; 
VAR POL FIBER SUGAR MOIST; 
RUN; 
ANALYSIS OF VARIANCE PROCEDURE 
CLASS LEVEL INFORMATION 
CLASS LEVELS VALUES 
TRT 2 LAB NIR 
NUMBER OF OBSERVATIONS IN DATA SET = 122 
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ANALYSIS OF MEANS DIFFERENCES FOR POL AND FIBER 
ANALYSIS OF VARIANCE PROCEDURE 
DEPENDENT VARIABLE: POL 
SOURCE DF SUM OF SQUARES MEAN SQUARE F VALUE 
MODEL 1 0.00059754 0.00059754 0.00 
ERROR 120 1046.77S90164 8.7S310751 
CORRECTED TOTAL 121 1046.77349918 
PR > F = 0.9934 R-SQUARE = 0.000001 C.V. = 17.1117 
ROOT MSE = 2.95349073 POL MEAN = 17.26008197 
SOURCE DF ANOVA SS F VALUE PR > F 
TRT 1 0.00059754 0.00 0.9934 
ANALYSIS OF VARIANCE PROCEDURE 
DEPENDENT VARIABLE: FIBER 
SOURCE DF SUM OF SQUARES MEAN SQUARE F VALUE 
MODEL 1 0.05626570 0.05626570 0.02 
ERROR ISO 299.14899112 2.49290826 
CORRECTED TOTAL 121 299.20525682 
PR > F = 0.8808 R-SQUARE = 0.000188 C.V. = 12.4100 
ROOT MSE = 1.57889463 FIBER MEAN = 12.72278688 
SOURCE DF ANOVA SS F VALUE PR > F 
TRT 1 0.05626570 0.02 0.8808 
ANALYSIS OF MEANS DIFFERENCES FOR SUAGR AND MOISTURE 
ANALYSIS OF VARIANCE PROCEDURE . 
DEPENDENT VARIABLE: SUGAR 
SOURCE DF SUM OF SQUARES MEAN SQUARE F VALUE 
MODEL 1 O.00724265 0.00724265 0.00 
ERROR 120 72S.18380913 6.06819841 
CORRECTED TOTAL 121 728.19105178 
PR > F = 0.9725 R-SQUARE = 0.000010 C.V. = 16.3818 
ROOT MSE = 2.46337135 SUGAR MEAN = 15.03721311 
SOURCE DF ANOVA SS F VALUE PR > F 
TRT 1 0.00724265 0.00 0.9725 
ANALYSIS OF VARIANCE PROCEDURE 
DEPENDENT VARIABLE: MOIST 
SOURCE DF SUM OF SQUARES MEAN SQUARE F VALUE 
MODEL 1 0.07133052 0.07133052 0.01 
ERROR 120 1236.47042502 10.30392021 
CORRECTED TOTAL 121 1236.54175554 
PR > F = 0.9338 R-SQUARE = 0.000058 C.V. = 4.5774 
ROOT MSE = 3.20997199 MOIST MEAN = 70.12663959 
SOURCE DF ANOVA SS F VALUE PR > F 




































C. DATA INPUT 
AL. VALUES FOR POL, SUGAR, FIBER, AND MOISTURE 
ESTIMATED USING THE STANDARD TECHNIQUE. 
POLLAB FIBERLAB SUGARLAB MOISTLAB 
18.78 12.9 16.4 68.7 
19.06 14.8 16.2 66.7 
15.44 12.1 13.6 71.5 
18.67 12.6 16.3 69.0 
14.42 11.7 12.7 73. 1 
17.43 12.5 15.2 70. 1 
17.95 11.5 15.9 70.5 
19.78 14.8 16.8 66.8 
15.69 11 .4 13.9 72.5 
17.16 13.4 14.9 69.7 
16.88 12.2 14.8 70.8 
19.78 12.3 17.3 68.5 
17.50 13.4 15.2 69.8 
18.53 13.9 16.0 67.8 
16.48 13.7 14.2 70.2 
19.36 13.3 16.8 67.9 
16.98 13.1 14.8 69.6 
19. 18 12.4 16.8 68.8 
18.29 12.8 16.0 69.5 
20.35 15.1 17.3 69.5 
16.19 12.4 14.2 70.9 
18.45 14.1 15.9 68.5 
16.52 11.6 14.6 71.8 
19.83 11 .3 17.6 69.4 
16.09 12.5 14.1 71 .5 
18.76 13.7 16.2 68.8 
13.75 15.4 11.6 70. 1 
19.35 13.9 16.7 67.6 
15.30 12.4 13.4 71 .7 
18.03 14.4 15.4 67.7 
18.38 10.7 16.4 71 . 1 
19.51 12.8 17.0 68.4 









































































































































6 6 . 2  
70.5 

















































a2. values for pol, fiber, sugar, and moisture 

































































12 .21  
13.67 
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DATA INPUT 


























































































68 .00  
69.80 





















REGRESSION ANALYSIS OF THE POL VALUE OBTAINED FROM THE 
STANDARD TECHNIQUE AS A DEPENDENT VARIABLE AND THE POL VALUE 
OBTAINED FROM THE NIR ANALYSIS AS THE INDEPENDENT VARIABLE. 




SQUARE SOURCE DF 
MODEL 1 1059.65050 1059.65050 
ERROR ISO 16.26874220 0.13557285 
C TOTAL 1E1 1075.91925 
ROOT MSE 0.3682022 R-SQUARE 









PARAMETER STANDARD T FOR HO: 
VARIABLE DF ESTIMATE ERROR PARAMETERS PROB > DTD 
INTERCEP 1 -0.10805 0.19923633 -0.542 
POLNIR 1 1.00613 0.01138046 88.409 
0.5886 
0.0001 













REGRESSION ANALYSIS OF THE FIBER VALUE OBTAINED FROM THE 
STANDARD TECHNIQUE AS A DEPENDENT VARIABLE AND THE FIBER 
VALUE OBTAINED FROM THE NIR ANALYSIS AS THE INDEPENDENT 
VARIABLE. 
ANALYSIS OF VARIANCE 
SUM OF 
SOURCE DF SQUARES 
MODEL 1 293.70415 
ERROR ISO 19.67681479 









ROOT MSE 0.4049364 R-SQUARE 0.9372 
DEP MEAN 12.74426 ADJ R-SQ 0.9367 
C.V. 3.177401 
PARAMETER ESTIMATES 


















TEST OF SLOPE = 1 
NUMERATOR: .0255206 DF: 1 F VALUE: 
DENOMINATOR: 0.163973 DF: 120 PROB >F 
0.1556 
0.6939 
REGRESSION ANALYSIS OF THE SUGAR VALUE OBTAINED FROM THE 
STANDARD TECHNIQUE AS A DEPENDENT VARIABLE AND THE SUGAR 
VALUE OBTAINED FROM THE NIR ANALYSIS AS THE INDEPENDENT 
VARIABLE. 
ANALYSIS OF VARIANCE 
SUM OF 
SOURCE DF SQUARES 
MODEL 1 741.84444 
ERROR ISO 10.48935036 



















VARIABLE DF ESTIMATE ERROR 
INTERCEP 1 -0.14802214 0.16691140 
SUGARNIR 1 1.00933133 0.01095623 
T FOR HO: 









.0634063 DF: 1 
.0874113 DF: 120 
F VALUE: 0.7254 
PROB >F : 0.3961 
REGRESSION ANALYSIS OF THE MOISTURE CONTENT VALUE OBTAINED 
FROM THE STANDARD TECHNIQUE AS A DEPENDENT VARIABLE AND THE 
MOISTURE CONTENT VALUE OBTAINED FROM THE NIR ANALYSIS AS THE 
INDEPENDENT VARIABLE. 











SQUARE F VALUE PROB>F 














VARIABLE DF ESTIMATE 
INTERCEP 1 0.04782333 





T FOR HO: 





TEST OF SLOPE = 1 
NUMERATOR: 1.4E-04 DF: 1 F VALUE: 0.0007 
DENOMINATOR: 0.199974 DF: 120 PROB >F : 0.9789 
F. DETERMINATION OF DIFFERENCE PARAMETERS 
TABLE A3. TABLE OF MEANS, STANDARD DEVIATION, AND STANDARD 
ERROR FOR THE DIFFERENCE BETWEEN THE TWO METHODS 
USED. 





















MICROWAVE DATA SAS ANALYSIS. 
A. SAS PROGRAM 
1 DATA WET; 
S INFILE SOURCEl(MICRO); 
3 INPUT OBS STD MW OV SS SMW; 
4 LABEL STD='STANDARD' MW='MICRO_WAVE' OV='OVEN' 
5 SS='SUGAR_STANDARD' SMW='SUGAR_MICRO_WAVE'; 
6 DROP SS SMW; 
7 PROC SORT; 
8 BY OBS; 
9 PROC TRANSPOSE PREFIX=TRT; 
10 BY OBS; 
11 PROC ANOVA; 
IS CLASS _NAME_; 
13 MODEL TRT1=_NAME_; 
14 MEANS _NAME_/LSD LINES; 
15 DATA SUGAR; 
16 INFILE SOURCEl(MICRO); 
17 INPUT OBS STD MW OV SS SMW; 
18 LABEL STD='STANDARD' MW='MICRO_WAVE' OV='OVEN' 
19 SS='SUGAR_STANDARD' SMW=' SUGAR_MICRO_,WAVE' 
20 KEEP OBS SS SMW; 
21 PROC SORT; 
22 BY OBS; 
23 PROC TRANSPOSE PREFIX=TRT; 
24 BY OBS; 
25 PROC ANOVA; 
26 CLASS _NAME_; 
27 MODEL TRT1=_NAME_; 
28 MEANS NAME_/LSD LINES; 
29 DATA MICRO; 
30 INFILE SOURCEl(MICRO); 





36 LABEL STD='STANDARD' MW='MICRO_WAVE' OV='OVEN' 
37 SS='SUGAR_STANDARD' SMW='SUGAR_MICRO_WAVE'; 
38 PROC PRINT; 
39 PROC CORR; 
40 VAR STD MW OV SS SMW; 
41 PROC MEANS MEAN STD STDERR; 
42 VAR MWOV MWSTD OVSTD SD; 




















S: TEST MW=1; 
I: TEST INTERCEPTS; 
SI: TEST MW=1 , INTERCEPTS; 
MODEL STD=OV; 
S: TEST 0V=1; 
I: TEST INTERCEPTS; 
SI: TEST 0V=1 > INTERCEPTS; 
MODEL MW=OV; 
S: TEST OV=l; 
I: TEST INTERCEPT=0; 
SI :TEST 0V=1 » INTERCEPTS; 
MODEL SS=SMW; 
S: TEST SMW=l; 
I: TEST INTERCEPT=0; 
SI: TEST SMW=1 > INTERCEPTS; 
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B. TEST MOISTURE MEANS 
ANALYSIS OF VARIANCE PROCEDURE 
CLASS LEVEL INFORMATION 
CLASS LEVELS VALUES 
_NAME_ 3 MW OV STD 
NUMBER OF OBSERVATIONS IN DATA SET = 66 
ANALYSIS OF VARIANCE PROCEDURE 
SOURCE DF SUM OF SQUARES MEAN SQUARE F VALUE 
MODEL 2 1.31393939 0.65696970 0.18 
ERROR 63 226.59227273 3.59670274 
CORRECTED TOTAL 65 227.90621212 
PR > F = 0.8335 R-SQUARE = 0.005765 C.V. = 2.6460 
ROOT MSE = 1.89649749 TRT MEAN = 71.67424242 
SOURCE DF ANOVA SS F VALUE PR > F 
NAME 2 1.31393939 0.18 0.8335 
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C. TEST OF SUGAR CALCULATED MEANS 
ANALYSIS OF VARIANCE PROCEDURE 
CLASS LEVEL INFORMATION 
CLASS LEVELS VALUES 
_NAME_ 2 SMW SS 
NUMBER OF OBSERVATIONS IN DATA SET = 44 
ANALYSIS OF VARIANCE PROCEDURE 
SOURCE DF SUM OF SQUARES MEAN SQUARE F VALUE 
MODEL 1 0.06568182 0.065681.82 0.02 
ERROR 42 177.12227273 4.21719697 
CORRECTED TOTAL 43 177.18795455 
PR > F = 0.9013 R-SQUARE = 0.000371 C.V. = 15.6680 
ROOT MSE = 2.05358150 TRT1 MEAN = 13.10681818 
SOURCE DF ANOVA SS F VALUE PR > F 
NAME 1 0.06568182 0.02 0.9013 
D. DATA INPUT 
TABLE A4. VALUES FOR MOISTURE ESTIMATED USING THE STANDARD 
TECHNIQUE, THE MICROWAVE METHOD, AND THE OVEN 
METHOD. VALUES FOR SUGAR CONTENT ESTIMATED USING 
THE STANDARD TECHNIQUE AND THE MICROWAVE METHOD. 
VARIABLES: STD - MOISTURE CONTENT (STANDARD TECHNIQUE) 
MW - MOISTURE CONTENT (MICROWAVE METHOD) 
OV - MOISTURE CONTENT (OVEN METHOD) 
SS - SUGAR CONTENT (STANDARD TECHNIQUE) 
SMW - SUGAR CONTENT (MICROWAVE TECHNIQUE) 
OBS STD MW OV SS SMW 
1 78.3 78.5 78.5 11 .7 11 .8 
8 66.3 . 67.6 67.3 18.7 18.9 
3 78.6 71.3 78.7 11.8 11.6 
4 69.7 68.6 70.8 14.1 13.9 
5 69.4 70. 1 70.8 18.4 18.6 
6 70.6 68.7 69.6 14.4 14.0 
7 78.4 73.3 73.6 9.7 9.9 
8 74.5 75.6 75.3 9.5 9.6 
9 71.8 78.8 78. 1 10.9 11.1 
10 71 .9 78.4 78.5 13.9 14.8 
11 71 .6 70.6 71 .3 15.7 15.5 
IS 73.8 74.8 74.4 18.9 13.0 
13 71.0 71 .0 78.0 15.9 15.9 
14 68.8 69.6 68.4 15.8 15.4 
15 71 . 1 78.0 71.3 18.8 18.7 
16 74.6 73.6 73.7 10.3 10.8 
17 71 .8 78.1 71 .9 16.3 16.5 
18 73.4 73.6 73.7 14.8 14.3 
19 71 . 1 71.3 78.4 11.9 18.0 
20 71 .4 71 .8 71 .6 16.1 16.8 
81 71 .5 71.3 71 .7 11.6 11.8 
88 78.7 78.7 78.3 14.1 14.1 
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D. DATA GENERATED 
TABLE A5. DIFFERENCES IN MOISTURE AND SUGAR CONTENTS BETWEEN 
THE METHODS. 
VARIABLES: MWOV = MOISTURE DIFFERENCE (OV - MW> 
MWSTD = MOISTURE DIFFERENCE (STD - MW> 
OVSTD = MOISTURE DIFFERENCE (STD - OV > 
SD = SUGAR CONTENT DIFFERENCE (SMW - SS) 
DBS MWOV MWSTD OVSTD SI 
1 0.0 -0.2 -0.2 0.1 
2 0.3 -1 .3 -1.0 0.2 
3 1 .4 1.3 -0. 1 -0.2 
4 1 .6 1 . 1 -0.5 -0.2 
5 0. 1 -0.7 -0.8 0.2 
6 0.9 1 .9 1 .0 -0.4 
7 0.3 -0.9 -1 .2 0.2 
8 -0.3 -1 . 1 -0.8 0. 1 
9 -0.7 -1.0 -0.3 0.2 
10 0.1 -0.5 -0.6 0.3 
11 0.7 1 .0 0.3 -0.2 
IS 0.2 -1 .0 -1.2 0. 1 
13 1.0 0.0 -1.0 0.0 
14 -1.2 -0.8 0.4 0.2 
15 -0.7 -0.9 -0.2 0.5 
16 0.1 1.0 0.9 -0.1 
17 -0.2 -0.9 -0.7 0.2 
IB 0.1 -0.2 -0.3 0.1 
19 1 . 1 -0.2 -1.3 0.1 
20 -0.2 -0.4 -0.2 0.1 
21 0.4 0.2 -0.2 0.2 
22 -0.4 0.0 0.4 0.0 
E. CORRELATION CALCULATIONS 
TABLE A6. TABLE OF VARIABLES PARAMETERS. 
VARIABLE N MEAN STD DEV SUM 
STD 22 71 .50454545 1.86355453 1573. 10000000 
MW 22 71 .66818182 1.94431684 1576. 70000000 
OV 22 71 .85000000 1.88066604 1580. 70000000 
SS 22 13 .06818182 2.06798415 287. 50000000 
SMW 22 13 .14545455 2.03907712 289. 20000000 
VARIABLE N MINIMUM MAXIMUM 
STD 22 66.30000000 74.60000000 
MW 22 67.60000000 75.60000000 
OV 22 67.30000000 75.30000000 
SS 22 9.50000000 16.30000000 
SMW 22 9.60000000 16.50000000 
TABLE A7. VARIABLES CORRELATION MATRIX 
PEARSON CORRELATION COEFFICIENTS / PROB > 3RD 
UNDER HO:RH0=0 / N = SS 





0.93962 -0.35990 -0.37813 
0.0001 0.0999 0.0827 
MW 
MICRO WAVE 
0.88951 1.00000 0.93236 -0.42366 -0.40319 
0.0001 0.0000 0.0001 0.0494 0.0628 
OV 
OVEN 
0.93962 0.93236 1.00000 -0.41636 -0.41934 
0.0001 0.0001 0.0000 0.0539 0.0521 
SS -0.35990 -0.42366 -0.41636 
SUGAR STANDARD 0.0999 0.0494 0.0539 
1.00000 0.99536 
0.0000 0.0001 
SMW -0.37813 -0.40319 -0.41934 0.99536 1.00000 
SUGAR M. WAVE 0.0827 0.0628 0.0521 0.0001 0.0000 
F. MEANS OF THE DIFFERENCES 






















G. REBRESSION ANALYSIS 
1- DEP. VARIABLE : STANDARD TECHNIQUE (MOISTURE CONTENT) 
IND. VARIABLE : MICROWAVE METHOD (MOISTURE CONTENT) 
ANALYSIS OF VARIANCE 
SQUARES 
SUM OF 
SQUARE F VALUE 
MEAN SOURCE 
PROB>F 
MODEL 1 57.70429836 
ERROR 20 15.22524709 


















VARIABLE DF ESTIMATE ERROR 
INTERCEP 1 10.40278 7.0205 
MW 1 0.85256 0.0979 
T FOR HO: 





TEST OF SLOPE = 1 
NUMERATOR: 1.72566 DF: 1 F VALUE: 2.2668 
DENOMINATOR: 0.761262 DF: 20 PROB >F : 0.1478 
TEST OF SLOPE = 1 AND INTERCEPT = 0 
NUMERATOR: 1.15738 DF: 2 F VALUE: 1.5203 
DENOMINATOR: 0.761262 DF: 20 PROB >F : 0.2429 
2 - DEP. VARIABLE: STANDARD TECHNIQUE (MOISTURE CONTENT) 
IND. VARIABLE: OVEN METHOD (MOISTURE CONTENT) 






























PARAMETER STANDARD T FOR HO: 
ESTIMATE ERROR PARAMETERS PROB > D 
4.6074 5.45007196 0.84 
0.9311 0.07582868 12.279 
0.4079 
0.0001 
TEST OF SLOPE = 1 
NUMERATOR: 0.352937 DF: 1 F VALUE: 0.8264 
DENOMINATOR: 0.42708 DF: 20 PROB >F : 0.3741 
3 - DEP. VARIABLE: MICROWAVE METHOD (MOISTURE CONTENT) 
IND. VARIABLE: OVEN METHOD (MOISTURE CONTENT). 





SUM OF MEAN SOURCE DF 






























T FOR HO: 





TEST OF SLOPE = 1 
NUMERATOR: .0967001 DF: 
DENOMINATOR: 0.518801 DF: 20 
F VALUE: 
PROB >F : 
0.1864 
0.6706 
4 - DEP. VARIABLE: SUGAR CONTENT (STANDARD TECHNIQUE) 
IND. VARIABLE: SUGAR CONTENT (MICROWAVE METHOD) 
ANALYSIS OF VARIANCE 
SUM OF 
SOURCE DF SQUARES 
MODEL 1 88.97695901 
ERROR SO 0.83079826 




















PARAMETER STANDARD T FOR HO: 
ESTIMATE ERROR PARAMETERS PROB > DTD VARIABLE DF 
INTERCEP 1 -0.2018210 0.290000 -0.696 
SMW 1 1.00947463 0.021812 46.281 
0.4945 
0.0001 












FILTER PROGRAM USED TO SMOOTH GAMMA RAY DATA. 
10 ' **************** ***************** 
SO ' * * 
30 '* PROGRAM TO SMOOTH DATA DEVELOPED BY CLAUD10 SVER2UT * 
AO '* ASSISTANT PROFESSOR AT STATE UNIVERSITY OF CAMPINAS * 
50 '* AT THE AGRICULTURAL ENGINEERING DEPT. * 
60 ' * * 
70 '* ** ADDRESS ** * 
80 ' * * 
90 '* UNIVERSIDADE ESTADUAL DE CAMPINAS * 
100 '* FACULDADE DE ENGENHARIA AGRICOLA * 
110 '* 13100 - CAMPINAS - SP. BRAZIL * 
120 '* * 
130 '* LOUISIANA MAR/86 * 
140 '* * 
150 ' **************** ******************* 
160 CLS 
170 KEY OFF 
180 ON ERROR GOTO 4900 
190 ON KEY(1) GOSUB E70 
200 ON KEY(2) GOSUB 390 
210 ON KEY(3) GOSUB 830 
220 KEY(1) ON 
230 KEY(2) ON 
240 KEY(3) ON 
250 GOTO 420 ' GOTO MAIN PROGRAM 
260 ' 
270 ' ** ROUTINE HELP 
280 ' 
290 KEY <1) ON 
300 CL » CSRLIN 
310 CC = POS(O) 
320 LOCATE 25,2:C0L0R 0,7:PRINT " F-l TIME 
330 LOCATE 25,22:PRINT " F-2 MENU 
340 LOCATE 25,45:PRINT " TIME —> 
350 COLOR 7,0:PRINT TIMES; 
360 LOCATE CL,CC 
370 RETURN 
380 ' 
390 KEY(2) ON 
400 RETURN 2840 
410 ' 
420 ' *********************** 
430 ' THIS IS THE MAIN PROGRAM 
440 ' 
450 ' GO TO ROUTINE TO DIMENTION ARRAYS 
460 GOSUB 1300 
151 
470 ' 
480 ' GO TO ROUTINE TO PRINT A MESSAGE 
490 GOSUB 1890 
500 ' 
510 ' GOTO ROUTINE MENU 
520 GOTO 2840 
530 ' 
540 ' GO TO ROUTINE TO ALLOCATE A DATA FILE 
550 GOSUB 5050 
560 ' 
570 ' GO TO ROUTINE TO OPEN A FILE AND READ DATA 
580 GOSUB SI80 
590 ' 
600 ' GO TO ROUTINE CHOICE "FILTER OR REFILTER" 
610 GOTO 8840 
680 ' 
630 ' GO TO ROUTINE TO SET FILTERING CONSTANT 
640 GOSUB 1340 
650 ' 
660 GOTO 8840 
670 ' 
680 ' GO TO ROUTINE TO FILTER THE DATA <HIGH PASS FILTER> 
690 GOSUB 3580 
700 ' 
710 GOTO 8840 
780 ' 
730 ' GO TO ROUTINE TO FILTER THE DATA <LOW PASS FILTER> 
740 GOSUB 8330 
750 ' 
760 GOTO 8840 
770 ' 
780 ' GO TO ROUTINE TO SAVE DATA 
790 GOSUB 2560 
800 ' 
810 GOTO 8840 
820 ' 
830 ' ** ROUTINE EXIT 
840 ' 
850 ' 
860 CL = CSRLIN 
870 CC = POS(O) 
880 LOCATE 1,63 
890 BEEP 
900 PRINT "ARE YOU SURE ?" 
910 LO+CATE 2,45 
980 PRINT "PRESS 'Y' TO QUITE 'N' TO CONTINUE"; 
930 GOSUB 1110 
940 IF Z$ = "Y" OR Z% - "y" THEN 1010 
950 IF 2* = "N" OR Z% = "n" THEN 970 
960 GOTO 930 
970 LOCATE 1,63:PRINT " 
980 LOCATE 2,45:PRINT " 
990 LOCATE CL,CC 
1000 RETURN 
1010 KEY ON 
1020 CLS 
1030 END 
1040 ' ************************** 
1050 ' AUXILIAR ROUTINES 
1060 ' 
1070 ' PAUSE ROUTINE 
1080 ' 
1090 LOCATE 24,15 
1100 PRINT "PRESS ANY KEY TO CONTINUE . ..", 
1110 2$ = INKEY$:IF Z% = "" THEN 1110 
1120 RETURN 
1130 ' 
1140 ' MESSA6E ROUTINE 
1150 ' 
1160 CLS 
1170 LOCATE 12,22 
1180 COLOR 31 
1190 PRINT "SYSTEM WORKING..." 
1200 LOCATE 14,24 
1210 COLOR 0,7 
1220 PRINT "PLEASE WAIT..." 




12B0 ' ROUTINE TO SET ARRAY'S DIMENTION 
1290 ' 
1300 DIM Y(1200),YF(1200) 
1310 DIM TH(20),TL(20) 
1320 RETURN 
1330 ' 
1340 ' ROUTINE TO SET FILTERING CONSTANT 
1350 ' 
1360 CLS 
1370 IF FL$ = "" THEN 1380 ELSE 1420 
1380 LOCATE 15,15 
1390 PRINT "IT IS NECESSARY TO ALLOCATE A FILE FIRST .. 
1400 GOSUB 1070 
1410 GOTO 2840 
1420 VA* = "" 
1430 IF FILTERS = "" THEN 1440 ELSE 1480 
1440 LOCATE 15,15 
1450 PRINT "FIRST CHOOSE HIGH OR LOW PASS FILTER."; 
1460 GOSUB 1070 
1470 GOTO 1870 
1480 A$ = "NO PREVIOUS FILTERING DONE.." 
1490 IF AO = 0 THEN LOCATE 12,10:PRINT A*:GOTO 1530 
1500 LOCATE 12,10:PRINT "PREVIOUS FILTER CTE. AO = "AO 
1510 LOCATE 15,10 


















































PRINT "INPUT FILTERING CTE AO C O < AO < 13 
GOSUB 1110 
IF Z* = CHR$(13) AND AO > 0 AND LEN(VA$) = 0 THEN 1850 
IF Z* = CHR$<13> THEN 1700 
IF Z% = CHR$<8) THEN GOTO 1660 
IF ABC(Z%) = 46 THEN 1610 
IF ASC(Z$) > 57 OR ASC(Z$) < 48 THEN 1550 
VA$ = VA$ + Z$ 




IF LEN(VA$) = 0 THEN 1550 
VA$ = MID$(VA$,1,LEN(VA$)-1) 
LOCATE 18,49:PRINT " ", 
GOTO 1620 
LOCATE 20,10 
PRINT "THE NEW FILTER CTE. IS : ";Alj 
LOCATE 22,10 
PRINT "PRESS 'Y' TO CONTINUE OR 'N' TO CHANGE CTE. "5 
GOSUB 1110 
IF Z$ = "Y" OR Z$ = "y" THEN 1780 
IF Z* = "N" OR Z$ = "n" THEN 1360 
GOTO 1740 
IF A1 > 0 AND A1 < 1 THEN 1840 
CLS 
LOCATE 15,15 
PRINT "A FILTER CTE>0 OR CTE<1 MUST BE ENTERED "; 
GOSUB 1070 
VA$ = "":GOTO 1340 
AO = A1 
IF FILTER* = "HIGH" THEN GOTO 680 
IF FILTER* = "LOW" THEN GOTO 730 
RETURN 2840 
> 




PRINT"THIS IS A PROGRAM TO SMOOT DATA USING LOW PASS 
FILTER" 
PRINT :PRINT TAB(10);"0R A HIGH PASS FILTER TO FILTER 
NOISE" 
PRINT :PRINT TAB(10);"0UT OF A GIVEN SIGNAL IN A DATA 
FILE" 
PRINT :PRINT TAB(10);"SUCH THAT FIRST VALUE IS THE 
NUMBER OF" 
PRINT :PRINT TAB(10);"POINTS AND THEN THE VALUES OF A 
GIVEN SIGNAL." 
PRINT :PRINT:COLOR 0,7:L0CATE 19,10 
PRINT"THIS PROGRAM CAN HANDLE UP TO 1200 DATA POINTS. " 
COLOR 7,0 




2050 'ROUTINE TO ALLOCATE A DATA FILE 
2060 ' 
2070 CLS 
2080 ML$ = "A" 
2090 AO = O 
2100 NL = 0 
2110 NH = 0 
2120 A$ = " OPEN FILE TO INPUT DATA " 
2130 AA$ = " LAST FILE USED WAS : " 




2180 ' ROUTINE TO OPEN A FILE AND READ DATA 
2190 ' 
2200 CLS 
2210 GOSUB 1140 
2220 OPEN FL$ FOR INPUT AS #1 
2230 LF$ = FL* 
2240 LOCATE 23,25 
2250 PRINT "READING DATA 
2260 INPUT #1,N 
2270 FOR I = 1 TO N 
2280 INPUT #1,Y(I> 




2330 ' ROUTINE TO FILTER DATA ** LOW PASS FILTER 
2340 ' 
2350 CLS 
2360 IF FL$ = "" THEN GOTO 2390 
2370 NL = NL + 1 :TL(NL) = AO 
2380 GOSUB 4570 
2390 IF AO = 0 THEN 2400 ELSE 2470 
2400 LOCATE 15,15 
2410 PRINT " NO FILTERING WAS PREVIOUSLY DONE" 
2420 PRINT TAB(15);" CHOOSE HIGH OR LOW PASS FILTER, 
2430 GOSUB 1070 
2440 CLS 
2450 RETURN 2840 
2460 ' 
2470 GOSUB 1140 
2480 LOCATE 23,25 
2490 PRINT " FILTERING DATA "5 
2500 YF(1) = ( Y(l) + Y(2) + Y<3> + Y<4> + Y<5) )/5 
2510 FOR I = 2 TO N 
2520 YF(I) = AO * YF(I-l) + (1 - AO) * Y(I) 



















































' ROUTINE TO SAVE DATA 
9 
CLS 
IF FL$ = "" THEN 2600 ELSE 2640 
LOCATE 15,15 
PRINT " THE ARE NO DATA TO SAVE " 
GOSUB 1070 
RETURN 2840 
IF NL=0 AND NF =0 THEN 2650 ELSE 2670 
ML$ = MID$<ML*,1,LEN<ML$>-1) 
GOTO 2600 
A$ = " OPEN FILE TO SAVE DATA " 
AA* = " THE INPUT FILE USED WAS : " 
GOSUB 3910 





PRINT " SAVING DATA 
PRINT #2,N 





* * * * * * *  ROUTINE MENU 
CLS 
LOCATE 22,15:COLOR 0,7 
PRINT " " ;ML$; » 
COLOR 7,0 
PRINT " ARE LETERS USED FOR FILE: ";LF$; 
GOSUB 270 ' ROUTINE TO PRINT TIME 
LOCATE 1,15,1 
PRINT "* * MENU AVAILABLE * *" 
PRINT 
PRINT TAB(15);"A - TO FILTER A NEW FILE":PRINT 
PRINT TAB<15);"B - TO FILTER USING LOW PASS 
FILTER":PRINT 
PRINT TAB(15);"C - TO FILTER USING HIGH PASS 
FILTER":PRINT 
PRINT TAB<15 >;"D - TO REFILTER : SAME CONDITIONS":PRINT 
PRINT TAB(15 >;"E - TO REFILTER USING HIGH PASS 
FILTER"sPRINT 
PRINT TAB(15)j"F - TO REFILTER USING LOW PASS 
FILTER"sPRINT 
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3520 ' ROUTINE TO FILTER DATA USING HIGH PASS FILTER 
3530 ' 
3540 CLS 
3550 IF FL$ = "" THEN GOTO 3580 
3560 NH = NH + 1 :TH(NH) = AO 
3570 GOSUB 4570 
3580 IF AO = 0 THEN 3590 ELSE 3640 
3590 LOCATE 15,15 
3600 PRINT " NO FILTERING WAS PREVIOUSLY DONE" 
3610 PRINT TAB(15);" CHOOSE HIGH OR LOW PASS FILTER..." 
3650 GOSUB 1070 
3630 GOTO 600 
3640 GOSUB 1140 
3650 LOCATE S3,25 
3660 PRINT " FILTERING DATA 
3670 YF(1) = ( Y(1) + Y(2) + Y(3) + Y<4> + Y(5> >/5 
3680 FOR I = 2 TO N 
3690 YF(I) = AO * (Y(I-l) - YF(I-l)) 




3740 ' ** ROUTINE TO TRANSFORM NUMBERS TO INTEGERS 
3750 ' 
3760 IF NL = O AND NH = 0 THEN 3770 ELSE 3830 
3770 ML$ = MID$<ML$,1,LEN<ML$)-1> 
3780 CLS 
3790 LOCATE 15,15 
3800 PRINT "THERE ARE NO DATA TO TRANSFORM"; 
3810 GOSUB 1070 
3820 GOTO 2840 
3830 GOSUB 1140 
3840 LOCATE 23,25 
3850 PRINT " TRANSFORMING DATA "; 
3860 FOR I = 1 TO N 
3870 VINT = INT(YF(I)) 
3880 IF VINT - YF(I) >= .5 THEN YF(I> = VINT + 1 ELSE YF(I) 
= VINT 
3890 NEXT I 
3900 GOTO 2840 
3910 ' ROUTINE TO OPEN A FILE 
3920 ' 
3930 CLS 
3940 LOCATE 5,10 
3950 PRINT USING " ";AA$,LF* 
3960 LOCATE 10,15 
3970 COLOR 0,7 
3980 PRINT A* 
3990 COLOR 7,0 
4000 LOCATE 14,15 
4010 PRINT "INPUT DISK DRIVE <A OR B>: "5 
4020 GOSUB 1110 





















































IF 2$ = "B" OR Z% = "b" THEN 4060 
GOTO 4020 
PRINT Z$; 
D* = Z% 
LOCATE 16,15 
PRINT "INPUT FILE NAME: "J 
J = 8: K = 16: L = 33 
GOSUB 4300 
FL$ = F$ 
LOCATE 18,15 
PRINT "INPUT FILE EXTENTION <RET> FOR NONE: 
J = 3:K = 18:L = 52 
GOSUB 4300 
IF F$ = "" THEN 4190 
F$ = "." + F$ 
FL$ = D$ + ":" + FL$ + F$ 
LOCATE 20,15 
PRINT "OPEN FILE: ";FL$ 
LOCATE 22,15 
PRINT "INPUT YOUR CHOICE 'Y' OR 'N': 
GOSUB 1110 
IF 2$ = "Y" OR Z% = "y" THEN GOTO 4280 




' ROUTINE TO GET CHARACTERS FROM CON. 
9 
B$ = " " 
f$ 










IF 2$ = CHR*<13> THEN 4540 
IF Z% = CHR*(8> THEN GOTO 4500 
F$ = F$ + Z% 
1 = 1 + 1 
IF I = J THEN 4540 
GOTO 4420 
IF I = O THEN GOTO 4360 
1  =  1 - 1  




4570 ' ROUTINE TO PRINT NO. OF FILTERS USED 
4580 IF NL=0 AND NH=0 THEN 4870 
4590 ' 
4600 LOCATE 1,10 
4610 PRINT "FILTER TYPE";TAB(25>;"NO. TIMES 
USED";TAB(45);"CONSTANTS" 
46E0 IF NL = O THEN 4680 
4630 PRINT 
4640 PRINT TAB(IS);"LOW PASS";TAB(31>5NL;TAB<45>; 
4650 FOR I = 1 TO NL 
4660 PRINT TL(I); " " ; 
4670 NEXT I 
4680 PRINT 
4690 IF NH = 0 THEN 4740 
4700 PRINT TAB(12),"HI PASS";TAB(31);NH;TAB<45>; 
4710 FOR I = 1 TO NH 
4720 PRINT TH<I);" "; 
4730 NEXT I 
4740 LOCATE 10,10 
4750 PRINT " PRESS 'C' TO CANCEL THIS FILTERING OPERATION 
4760 LOCATE 12,10 
4770 PRINT " OR ANY KEY TO CONTINUE ..."5 
4780 GOSUB 1110 
4790 IF ZS = "C" OR ZS = "c" THEN 4800 ELSE 4870 
4800 IF FILTERS = "LOW" THEN NL = NL - 1 
4810 IF NL < 0 THEN NL =0 
4820 IF FILTERS = "HIGH" THEN NH = NH - 1 
4830 IF NH < 0 THEN NH =0 
4840 IF NL = 0 AND NH = O THEN AO = O:FILTERS = "" 
4850 MLS = MIDS(MLS,1,LEN(MLS)-1) 




4900 ' ROUTINE TO HANDLE PROGRAM ERROR 
4910 ' 
4920 CLS 
4930 LOCATE 10,15 
4940 PRINT "THE ERROR"ERR"HAS OCCURED. PLEASE CHECK THE" 
4950 LOCATE 12,15 
4960 PRINT "MEANING IN THE IBM BASIC 3.0" 
4970 LOCATE 14,15 
4980 PRINT "ERROR OCURRED IN LINE "ERL 
4990 GOSUB 1090 
5000 RESUME 2840 
APPENDIX 4 
PROGRAM TO SELECT GAMMA RAY SCAN DATA. 
10 CLS 
SO ON ERROR GOTO 37S0 
30 KEY OFF 
40 DIM DT(EOOO) 
50 ON KEY(1) GOSUB 
60 ON KEY(S) GOSUB 
70 ON KEY(3) GOSUB 
80 ON KEY(4) GOSUB 
90 KEY(1> ON 
100 KEY(S) ON 
110 KEY < 3) ON 
ISO KEY(4) ON 
130 ' 
140 ' ENTER A FILE 
150 ' 
160 A$ = " ENTER A 
170 GOSUB S8B0 
180 AP$ = FL4 
190 CLS 
SOO LOCATE 15,15 
S10 PRINT " PRINT HEADER ON THE FILE " 
SSO LOCATE 17,15 :PRINT " <Y' TO DO AND 'N' NOT TO 
S30 GOSUB 1530 
240 IF Z$ = "Y" OR Z* = "y" THEN GOTO 1410 
250 IF Z$ = "N" OR Z% = "n" THEN GOTO S70 
S60 GOTO 230 
S70 GOSUB SI00 ' GO TO ROUTINE TO INPUT SPEED 
280 ' **** MENU **»* 
290 CLS 
300 GOSUB 1590 
310 LOCATE 5,15 
320 COLOR 0,3 
330 PRINT " **** MENU **** 
340 COLOR 7,0 
350 LOCATE 8,15 
360 PRINT " 1 - RUN THE PROGRAM "; 
370 LOCATE 10,15 
380 PRINT " 2 - RUN SAME INPUT FILE "; 
390 LOCATE 12,15 
400 PRINT'" 3 - LISTS DIRECTORY 
410 LOCATE 14,15 
420 PRINT " 4 - CHANGE SPEED 
430 LOCATE 16,15 
440 PRINT " 5 - QUIT 
450 COLOR 7,0 
460 LOCATE 19,15 





NAME TO WRITE SUMMARY 






























































1 THEN GOTO 560 
2 THEN GOTO 610 
3 THEN GOTO 5360 
4 THEN GOSUB 5100 
5 THEN GOSUB 1840 
THIS IS THE PROGRAM 
I N 
WAS 
P U T  D A T A  A$ = " OPEN A FILE TO 
AA$ = " LAST FILE USED 
GOSUB 5880 
OPEN FL$ FOR INPUT AS #1 
GOSUB 3570 ' ROUTINE TO PRINT MESSAGE 
LF$ = FLS 
MA = 0 
MI = 1000 
INPUT #1,ND 
FOR I = 1 TO ND 
IF EOF(1) THEN 750 
INPUT #1,DT<I> 
IF I < 40 THEN GOTO 730 
IF DT(I) > MA THEN MA = DT(I) 
IF DT(I) < MI THEN MI = DT(I) 
NEXT I 
MM = MA - MI 
CLOSE 
? 
' THIS FINDS A PEEK OF THE CURVE 
9 
DB = INT(MA - (.4 * MM)) 
FOR I = 1 TO ND 
IF DT(I) < DB THEN 
NEXT I 
IT = I I = ND 
DA = INT(MA - (.1 * MM)> 





IF IL = 1 
IT = IL -
GOTO 870 
TO 1 STEP -1 
<= DT(I) THEN I L  =  I :  1 = 1  




FOR I = (IL+SOO) TO 
IF DT(I) >= DB THEN 
NEXT I 
9 
FOR I = IT TO ND 
ND 



















































IF DT(I + 1) <= DT(I> THEN IH = I : I = ND 
NEXT I 
9 
IF DT(IH+1> = 0 THEN 1080 
IF DT(IH) > DA THEN 1080 
IT = IH + 1 
GOTO 1000 




NP = (IH-IL+1) 













A$ = " OPEN FILE TO SAVE DATA " 
AA* = " THE INPUT FILE WAS : " 
GOSUB 2880 
OPEN FL* FOR OUTPUT AS #£ 
GOSUB 3570 ' ** ROUTINE MESSAGE 
9 
FOR I = IL TO IH 




OPEN AP$ FOR APPEND AS #3 
GOSUB 3570 ' ** ROUTINE MESSAGE 








'ROUTINE TO WRITE HEADER ON A FILE 
OPEN AP$ FOR OUTPUT AS #3 












1510 PRINT "PRESS ANY KEY TO CONTINUE "5 
1520 ' 
1530 2$ = INKEY*: IF 2* = "" THEN 1530 
1540 RETURN 
1550 ' 
1560 ' ******************* 
1570 ' 
1580 ' 
1590 ' F-l ROUTINE 
1600 ' 
1610 CL = CSRLIN 
1620 CC = POS(O) 
1630 LOCATE 55,1 
1640 COLOR 0,13 
1650 PRINT " F-l TIME 
1660 LOCATE 25,15 
1670 PRINT " F-S MENU "; 
1680 LOCATE 25,30 
1690 PRINT " F-3 QUIT 
1700 LOCATE 25,40 
1710 PRINT " F-4 SPEED "; 
1720 LOCATE 25,60 
1730 PRINT " TIME : 
1740 LOCATE 25,70 
1750 COLOR 7,0 
1760 PRINT TIMES; 
1770 LOCATE CL,CC 
1780 RETURN 
1790 ' 
1800 ' F-2 ROUTINE 
1810 ' 
1820 RETURN 280 
1830 ' 
1840 ' ROUTINE F-3 
1850 ' 
1860 ' 
1870 ' ROUTINE QUIT 
1880 ' 
1890 CL = CSRLIN 
1900 CC = P0S(0> 
1910 SCREEN O,,1,1 
1920 CLS 
1930 ' 
1940 PLAY "MB" 
1950 LOCATE 15,20 
1960 PRINT " ARE YOU SURE ? "; 
1970 LOCATE 17,20 
1980 PRINT " PRESS 'Y' TO QUIT <N' TO RETURN 
1990 FOR I = 700 TO 150 STEP -3 
2000 SOUND I,.1 
2010 NEXT I 
2020 GOSUB 1530 
2030 IF Z*="Y" OR 2$ = "y" THEN 2280 
2040 IF Z$="N" OR Z% = "n" THEN 2060 
2050 GOTO 2020 
2060 SCREEN ,,0,0 
2070 LOCATE CL,CC 
2080 RETURN 
2090 ' 
2100 ' ROUTINE F-4 
2110 ' 
2120 CL = CSRLIN 
2130 CC = POS(O) 
2140 SCREEN 0,1,2 
2150 CLS 
2160 LOCATE 15,16 
2170 PRINT "PRESS <RET> TO KEEP THE SAME" 
2180 LOCATE 15,15 
2190 PRINT "INPUT NEW SPEED <"SP">: "; 
2200 J=6 
2210 GOSUB 3270 ' 
2220 IF F$ = CHR$(13) THEN 2240 
2230 SP = VAL(F$> 
2240 SCREEN 0,0,0 
2250 LOCATE CL,CC 
2260 RETURN 280 
2270 ' 
2280 SCREEN ,,0,0 
2290 CLS 
2300 KEY ON 
2310 END 
2320 ' 
2330 ' ************** 
2340 ' 
2350 ' 
2360 ' ROUTINE TO LIST DIRECTORY 
2370 ' 
2380 CLS 
2390 LOCATE 10,15 
2400 PRINT " INPUT DRIVE: "; 
2410 J=1 
2420 GOSUB 3270 
2430 DR$ = Z$ 
2440 IF DR$ = CHR$(13> THEN 2390 
2450 LOCATE 12,15 
2460 PRINT " INPUT PATH SPECS: "; 
2470 LOCATE 13,15 
2480 PRINT " PRESS <RET> FOR ROOT DIR : " 
2490 J=25 
2500 GOSUB 3270 
2510 PA$ = F$ 
2520 LOCATE 15,15 
2530 PRINT " INPUT FILE SPECS. "; 
2540 LOCATE 16,15 
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3100 LOCATE 18,15 
3110 PRINT "INPUT FILE EXTENTION <RET> FOR NONE: 
31H0 J = 3 
3130 GOSUB 3270 
3140 IF F$ = "" THEN 3160 
3150 F$ = "." + F$ 
3160 FL$ = D$ + ":" + FL$ + F$ 
3170 LOCATE 50,15 
3180 PRINT "OPEN FILE: ";FL$ 
3190 LOCATE 25,15 
3500 PRINT "INPUT YOUR CHOICE 'Y' OR 'N': 
3210 GOSUB 1530 
3220 IF Z% = "Y" OR 2$ = "y" THEN GOTO 3250 
3230 IF 2$ = "N" OR Z$ = "n" THEN GOTO 2900 
3240 GOTO 3210 
3250 RETURN 
3260 ' 
3270 ' ROUTINE TO GET CHARACTERS FROM CON. 
3280 ' 
3590 B$ = " " 
3300 F* 
3310 K = CSRLIN 
3350 L = POS(O) 
3330 I = 0 
3340 C$ = MID$<B$,1,J> 
3350 LOCATE K»L 
3360 COLOR 0,7 
3370 PRINT C$ 
3380 COLOR 7,0 
3390 LOCATE K,L 
3400 PRINT F$; 
3410 GOSUB 1530 
3420 PRINT Z%\ 
3430 IF 2$ = CHR$<13> THEN 3530 
3440 IF 2$ s CHR$(8> THEN GOTO 3490 
3450 F* = F$ + 2$ 
3460 1=1+1 
3470 IF I = J THEN 3530 
3480 GOTO 3410 
3490 IF I = O THEN GOTO 3350 
3500 1=1-1 
3510 F* = MID$(F$,1,I> 
3520 GOTO 3350 
3530 RETURN 
3540 ' 
3550 ' *************************************************** 
3560 ' 
3570 ' ROUTINE MESSAGE 
3580 ' 
3590 CLS 
3600 LOCATE 12,20 
3610 COLOR 0,3 


























' ROUTINE TO PRINT ERROR MESSAGE 
CLS 
LOCATE 15,15 
PRINT "ERROR NUMBER"ERR"HAS OCCURED" 
LOCATE 17,15 




PROGRAM TO CALCULATE THE GAMMA RAY LINEAR ATTENUATION 





















































KEY < 3) 


























IF 2$ = "1 
= "2 
= "3 
= "t i  
ROUTINE MENU 
N U * * *" 
"1 - OPEN A FILE TO INPUT DATA' 
"2 - INPUT PARAMETERS" 
"3 - MAKE CALCULATIONS" 
"4 - SAVE DATA TO A FILE" 
"5 - END PROGRAM" 



































460 Z% = INKEY*: IF Z% = "" THEN 460 
470 RETURN 
480 ' 
490 ' ROUTINE MESSAGE 
500 ' 
510 CLS 
580 LOCATE 10,27 
530 COLOR 31 
540 PRINT "PLEASE WAIT..." 
550 COLOR 0,7 
560 LOCATE 14,S3 
570 PRINT "SYSTEM WORKING..." 
580 COLOR 7,0 
590 RETURN 
600 ' 
610 ' ROUTINE CONTINUE 
620 ' 
630 K = CSRLIN 
640 L = P0S<1> 
650 LOCATE 24,12 
660 PRINT "PLEASE ! PRESS ANY KEY TO CONTINUE . . ."; 
670 LOCATE K,L 
680 RETURN 
690 ' 
700 ' END AUXILIAR ROUTINES 
7S0 ' 
730 ' ROUTINE HELP 'Fl' 
740 ' 
750'K = CSRLIN 
760 L = POS(1) 
770 COLOR 0,7 
780 LOCATE E5,3:PRINT "Fl-HELP &, TIME"; 
790 LOCATE 25,18:PRINT "F2-RETURN TO MENU"; 
800 LOCATE 25,39:PRINT "F3-QUIT"; 
810 LOCATE 25,57:PRINT "TIME : ";:COLOR 7,0:PRINT TIMES 




860 ' ROUTINE QUIT 'F3' 
870 ' 
880 BEEP 
890 K = CSRLIN 
900 L = POS(1) 
910 LOCATE 1,15 
920 PRINT "ARE YOU SURE ?" 
930 LOCATE 3,15 
940 PRINT "INPUT 'Y' TO QUIT AND 'N' TO CONTINUE 
950 GOSUB 440 
960 IF Z$ = "Y" OR Z% ="y" THEN GOTO 350 
970 IF Z* = "N" OR Z% = "n" THEN 990 
171 
980 GOTO 950 
990 LOCATE 1,15:PRINT , ,,, 





















































<RET> FOR NONE: 







PRINT "INPUT DISK DRIVE <A OR B>: 
GOSUB 440 
-IF 2$ = "A" OR 2$ = "a"-THEN 1180 
IF 2$ = "B" OR Z$ = "b" THEN 1180 
GOTO 1140 
PRINT 2$; 
D$ = 2$ 
LOCATE 16,15 
PRINT "INPUT 
J = 8:K = 16 
GOSUB 1420 
FL$ = F$ 
LOCATE 18,15 
PRINT "INPUT 
J = 3:K = 18:L = 
GOSUB 1420 
IF F$ = "" THEN 
F$ = "." + FT 
FL$ = D$ + 
LOCATE 20,15 
PRINT "OPEN FILE: ";FL$ 
LOCATE 22,15 
PRINT "INPUT YOUR CHOICE 'V' OR 'N': "j 
GOSUB 440 
IF Z$ = "Y" OR 2$ = "y" THEN GOTO 1400 




' ROUTINE TO GET CHARACTERS FROM CON. 
7 
B$ = " " 
F$ ="" 
I = 0 









+ FL$ + F$ 
1510 COLOR 7,0 
1520 LOCATE K,L 
1530 PRINT F$; 
1540 GOSUB 440 
1550 PRINT 2$; 
1560 IF 2$ = CHR$(13) THEN 1660 
1570 IF Z$ = CHR$(8) THEN GOTO 1620 
1580 F$ = F$ + 2$ 
1590 1=1+1 
1600 IF I = J THEN 1660 
1610 GOTO 1540 
1620 IF I = 0 THEN GOTO 1480 
1630 1=1-1 
1640 F$ = MID$(F$,1, I ) 
1650 GOTO 1480 
1660 RETURN 
1670 ' 
1680 ' *************************************************** 
1690 ' 
1700 ' END ROUTINES 
1710 ' 
1720 ' *************************************************** 
1730 ' 
1740 A$ = "OPEN FILE TO INPUT DATA TO CALCULATE MI" 
1750 GOSUB 1050 ' ** ROUTINE TO OPEN A FILE 
1760 CLOSE 
1770 GOTO 140 
1780 ' 
1790 CLS ' INPUT PARAMETERS 
1800 LOCATE 6,5 
1810 PRINT "INPUT CANE DIAMETER <";CD;">:"; 
1820 GOSUB 3290 
1830 IF 21$ = "" THEN GOTO 1850 . 
1840 CD = VAL(21$) 
1850 LOCATE 8,5 
1860 PRINT "INPUT TRAVEL SPEED <";TM;">:"; 
1870 GOSUB 3290 
1880 IF 21$ = "" THEN GOTO 1900 
1890 TM = VAL(21$) 
1900 LOCATE 10,5 
1910 PRINT "INPUT BEAM THICKNESS <";BT;">:"; 
1920 GOSUB 3290 
1930 IF 21$ = "" THEN GOTO 1950 
1940 BT = VAL (Zl$) 
1950 LOCATE 12,5 
1960 PRINT "INPUT NUMBER OF INCREMENTS <"JNINC;; 
1970 GOSUB 3290 
1980 IF 21$ =" "" THEN GOTO 2000 
1990 NINC = VAL(21$) 
2000 LOCATE 14,5 
2010 PRINT "INPUT VALUE OF RR R01/R02 <";RR;">!"; 
2020 GOSUB 3290 
2030 IF 21$ = "" THEN GOTO 2050 
173 
2040 RR = VAL(21$) 
S050 LOCATE 16,5 
5060 PRINT "INPUT VALUE OF Io <";I0;">:"5 
S070 GOSUB 3290 
2080 IF 21$ = "" THEN GOTO 2100 
2090 10 = VAL(21$) 
2100 LOCATE 18,5 
2110 PRINT "INPUT SKIP FACTOR <";SK;">:"; 
2120 GOSUB 3290 
2130 IF 21$ = "" THEN GOTO 2150 
2140 SK = VAL(21$) 
2150 LOCATE 20,5 
2160 PRINT "INPUT */. OF DIAM. TO CALC T MI IN */. <";PD;">:" ; 
2170 GOSUB 3290 
2180 IF 21$ = "" THEN GOTO 2200 
2190 PD = VAL(21$) 
2200 LOCATE 22,5 
2210 PRINT "INPUT RIND THICKNESS <";RT;">:"; 
2220 GOSUB 3290 
2230 IF 21$ = "" THEN GOTO 2250 
2240 RT = VAL(21$) 
2250 GOTO 140 
2260 ' 
2270 ' THIS PART CALCULATES VALUES FOR MI" 
2280 GOSUB 490 ' ROUTINE MESSAGE 
2290 CLOSE 
2300 OPEN FL$ FOR INPUT AS #1 
2310 NM = 0 
2320 PINC = BT/NINC 
2330 CR = CD/2 
2340 TSS = TM/60 
2350 NS = (CD * (PD/100))/TSS 
2360 NS = INT(NS) 
2370 FOR NOS = 1 TO NS STEP SK 
2380 IF EOF(1> THEN GOTO 2670 
2390 INPUT #1,11 
2400 FOR NTS =1 TO SK-1 
2410 IF EOF(1) THEN 2440 
2420 INPUT #1»ISK 
2430 NEXT NTS 
2440 Y = TSS*NOS 
2450 LOCATE 16,23 
2460 PRINT USING" CALCULATING FOR Y = ##.## mm";Y, 
2470 FOR INC = 0 TO NINC 
2480 PY = PINC * INC 
2490 YP = Y - PY 
2500 IF YP < O OR YP > CD THEN YP = 0 
2510 ' GO TO ROUTINE TO CALCULATE DELTA X AND DELTA 2 
2520 GOSUB 2870 
2530 X2 = 2*DZ 
2540 XI = 2*DX - X2 
2550 TETA = XI + RR*X2 
2560 AC = AC + TETA 
2570 A2 = A2 + TETA~2 
E580 A3 = A3 + TETA^3 
E590 NEXT INC 
£600 NM = NM + 1 
2610 GOSUB 3040 ' ** CALCULATE THE ROOT FOR 3RD ORDER" 
2620 LOCATE IB,S3 
2630 PRINT USING" VALUE FOR MI = #.####";MI(NM), 
2640 A3 = O 
2650 A2 = O 
2660 AC = O 
2670 NEXT NOS 
2680 CLS 
2690 LOCATE 15,15:PRINT "CALCULATIONS DONE . . . ." 
2700 GOSUB 610 ' ROUTINE CONTINUE 
2710 GOSUB 440 ' ROUTINE TO GET CHARACTER 
2720 GOTO 140 ' ** GOTO MENU 
2730 ' 
2740 ' ROUTINE TO SAVE DATA TO DISKETTE 
2750 ' 
2760 A$ = "OPEN FILE TO SAVE DATA CALCULATED" 
2770 GOSUB 1050 
2780 GOSUB 490 
2790 LOCATE 22,25 
2800 PRINT " SAVING DATA "; 
2810 OPEN FL$ FOR OUTPUT AS #2 
2820 FOR I = 1 TO NM 
2830 LOCATE 22,40 
2840 PRINT #2,"MI("I"> = "MI(I) 
2850 NEXT I 
2860 GOTO 140 
2870 ' ********** 
2880 ' 
2890 ' ROUTINE TO CALCULATE DELTA X AND DELTA Z 
2900 ' 
2910 DX = SQR((CR~2 - (CR - YP>~2>> 
2920 IF YP < RT OR YP > <CD - RT) THEN 2950 
2930 D2 = SQR(((CR - RT>~2 - (CR - YP)~2>> 
2940 GOTO 2970 




2990 ' ********** 
3000 KEY ON 
3010 END 
3020 ' ******** 
3030 ' 
3040 ' ** ROUTINE TO CALCULATE THE ROOTS OF A 3RD DEGREE 
POLYNOMIAL 
3050 ' 
3060 B = (-3*A2)/A3 
3070 C = 6*AC/A3 
3080 D = (6*NINC/A3)*((II-IO)/IO) 
3090 P = (3*C - (B'sa))/3 
3100 Q = (27*D - 9*B*C + 2*<B'v3>>/27 
3110 R = (P/3)/s3 + <Q/2)~2 
31E0 IF R < 0 THEN 3240 
3130 IF R = 0 THEN LOCATE B,25:PRINT "THERE ARE OTHER 
ROOTS",:GOTO 3150 
3140 LOCATE 8 »25:PRINT ,,,,, 
3150 AA = (-Q/2 + SQR(R >) 
3160 IF AA < 0 THEN AA = ABS(AA)~(1/3):AA = -AA:GOTO 3180 
3170 AA = (AA>"-( 1/3) 
3180 BB = (—Q/2 - SQR(R)) 
3190 IF BB < 0 THEN BB = ABS(BB)~<1/3):BB = -BB:GOTO 3210 
3200 BB = BB~(l/3> 
3210 MY = AA + BB 
3220 MI(NM) = MY - B/3 
3230 GOTO 3250 





3290 ' ROUTINE TO REVIEW INPUT DATA 
3300 LI = CSRLIN 
3310 L2 = P0S(0> 
3320 21$ = "" 
3330 GOSUB 440 
3340 IF Z* = CHR*<8> THEN GOTO 3440 
3350 IF Z$ = CHR$(13) THEN GOTO 3480 
3360 IF Z$ = "." THEN 3390 
3370 IF ASC(Z$> > 57 THEN 3330 
3380 IF ASC(Z$> < 48 THEN 3330 
3390 Zl$ = Zl* + Z$ 
3400 LOCATE L1,L2 
3410 PRINT Zl$," 
3420 GOTO 3330 
3430 ' 
3440 IF Zl$ = "" THEN 3460 
3450 Zl$ = MID$<Z1$,1,(LEN(Z1$)-1>> 





SAB ANALYSIS OF GAMMA RAY DATA 
1 DATA GAMMA; 
2 INFILE SOURCE1(GAMMANEW); 
3 INPUT NODE VAR PORTN REP MU MP DP MS DS DIA; 
4 MM=(MU/DS)*10000; 
5 LABEL VAR='VARIETY' PORTN='PORTION' MP='MOIST_PORTN' 
DP='DENSITY_PORTN' MS='MOIST_SCAN' 
DS='DENSITY_SCAN' MM='MASS_ATT' DIA ='DIAMETER' 
7 MU='ATT_COEF.'; 
8 PROC GLM; 
9 CLASS NODE VAR PORTN; 
10 MODEL MU MM =NODE PORTN VAR(NODE) NODE*PORTN 
11 PORTN*VAR(NODE > j 
12 RANDOM VAR(NODE) PORTN*VAR(NODE); 
13 TEST H=NODE E=VAR(NODE)5 
14 TEST H=PORTN VAR (NODE) NODE*PORTN E=PORTN*VAR (NODE ) ; 
15 MEANS PORTN/LSD LINES E=PORTN*VAR(NODE); 
16 MEANS NODE /LSD LINES E=VAR(NODE); 
17 PROC GLM; 
18 CLASS NODE VAR PORTN; 
19 MODEL MP DP MS DS DIA=NODE PORTN VAR(NODE) NODE*PORTN; 
20 TEST H=NODE E=VAR(NODE); 
SI MEANS NODE/LSD LINES E=VAR(NODE); 
22 MEANS PORTN/LSD LINES; 
23 PROC SORT; 
24 BY PORTN NODE VAR; 
25 PROC MEANS MEAN NOPRINT; 
26 VAR MU MM MP DP MS DS DIA; 
27 BY PORTN NODE VAR; 
28 OUTPUT OUT=MUTAB MEAN=MU MM MP DP MS DS DIA; 
29 DATA MOIST; 
30 SET MUTAB; 
31 PROC CORR; 
32 VAR MU MM MS MP DS DP DIA; 
GENERAL LINEAR MODELS PROCEDURE 
CLASS LEVEL INFORMATION 
CLASS LEVELS VALUES 
NODE 2 0 1 
VAR 18 1 2 3 4 5 6 8 10 11 12 
13 14 15 16 17 19 20 22 
PORTN 3 12 3 
NUMBER OF OBSERVATIONS IN DATA SET = 216 
176 
GENERAL LINEAR MODELS PROCEDURE 












TYPE I EXPECTED MEAN SQUARE 
VAR(ERROR) + ^  VAR(VAR*PORTN(NODE)) + 
12 VAR(VAR(NODE)) + Q(NODE,NODE*PORTN) 
VAR(ERROR) + VAR(VAR*PORTN(NODE)) + 
Q.( PORTN, NODE*PORTN) 
VAR(ERROR) + 4 VAR(VAR*PORTN(NODE)) + 
12 VAR(VAR(NODE)) 
VAR(ERROR) + 4 VAR(VAR*PORTN(NODE)) + 
Q(NODE*PORTN) 
VAR(ERROR) + 4 VAR(VAR*PORTN(NODE)) 
TYPE III. EXPECTED MEAN SQUARE 
VAR(ERROR) + 4 VAR(VAR*PORTN(NODE)) + 
12 VAR(VAR(N ODE)) + Q(NODE,NODE*PORTN) 
VAR (ERROR) + VAR (VAR*PORTN (NODE) ) + 
Q(PORTN,NODE *PORTN) 
VAR(ERROR) + 4 VAR(VAR*PORTN(NODE)) + 
12 VAR(VAR(N ODE)) 
VAR(ERROR) + ^ VAR(VAR*PORTN(NODE)) + 
Q(NODE*PORTN ) 
VAR*PORTN(NODE) VAR(ERROR) + 4 VAR(VAR*PORTN(NODE)) 
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ANALYSIS OF VARIANCE FOR THE VARIABLE MM 
DEPENDENT VARIABLE: MM TOTAL MASS ATTENUATION COEFFICIENT 
SOURCE DF SUM OF SQUARES MEAN SQUARE F VALUE 
















SOURCE DF TYPE I SS F VALUE PR > F 
NODE 1 166.29318882 39.66 0.0001 
PORTN 2 103.15710224 12.30 0.0001 
VAR(NODE) 16 1770.68614307 26.39 0.0001 
NODE*PORTN 2 124.79910241 14.88 0.0001 
VAR*PORTN(NODE) 32 3822.25873420 28.49 0.0001 
SOURCE DF TYPE III SS F VALUE 
TESTS OF HYPOTHESES USING THE TYPE, III 
MS FOR VAR(NODE) AS AN ERROR TERM 
SOURCE DF TYPE 111 SS F VALUE 
NODE 1 166.29318882 1.50 
PR > F 
0.2380 
PR > F 
NODE 1 166 .29318882 39. 66 0 .0001 
PORTN 2 103 .15710224 12. 30 0 .0001 
VAR(NODE) 16 1770 .68614307 26. 39 0 .0001 
NODE*PORTN 2 124 .79910241 14. 88 0 .0001 
VAR*PORTN(NODE) 32 3822 .25873420 28. 49 0 .0001 
TESTS OF HYPOTHESES USING THE TYPE III MS 


















MEANS SEPARATION FOR VARIABLES MU AND MM 
T TESTS (LSD) FOR VARIABLE: MU 
ALPHA=0.05 DF=32 MSE=8.2E-07 
CRITICAL VALUE OF T=2.03693 
LEAST SIGNIFICANT DIFFERENCE=308E-6 














T TESTS (LSD) FOR VARIABLE: MM 
ALPHA=0.05 DF=32 MSE=119.446 
CRITICAL VALUE OF T=2.03693 









T TESTS (LSD) FOR VARIABLE: MU 
ALPHA=0.05 DF=16 MSE=1.2E-06 
CRITICAL VALUE OF T=2.11991 




T TESTS (LSD) FOR 
ALPHA=0.05 DF=16 






















A 71.840 108 1 
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ANALYSIS OF VARIANCE FOR THE VARIABLE MP. 
DEPENDENT VARIABLE: MP MOISTURE OF THE PORTION 
SOURCE DF SUM OF SQUARES MEAN SQUARE F VALUE 
MODEL SI 661.93784444 31.5S084974 13.38 
ERROR 194 456.86841482 S.35499183 
COR. TOTAL 215 1118.80685927 








































TESTS OF HYPOTHESES USING THE TYPE III MS 
FOR VAR(NODE) AS AN ERROR TERM 
SOURCE DF TYPE 111 SS F VALUE PR > F 
NODE 1 14.99947407 0.40 0.5355 
ANALYSIS OF VARIANCE FOR THE VARIABLE DP. 
DEPENDENT VARIABLE: DP DENSITY OF THE PORTION 
SOURCE DF SUM OF SQUARES MEAN SQUARE F VALUE 
MODEL 21 0.30222222 0.01439153 8.72 
ERROR 194 0.32014815 0.00165025 
COR. TOTAL 215 0.62237037 























































TESTS OF HYPOTHESES USING THE TYPE III 









PR > F 
0.2772 
ANALYSIS OF VARIANCE FOR THE VARIABLE MS. 







COR. TOTAL El5 
























61.86740741 56.31 0.0001 
7.70370370 3.51 0.0319 
517.93185185 29.46 0.0001 
36.57481481 16.64 0.0001 













TESTS OF HYPOTHESES USING THE TYPE III MS 
FOR VAR(NODE) AS AN ERROR TERM 
SOURCE DF TYPE 111 SS F VALUE PR > F 
NODE 1 61.86740741 1.91 0.1858 
ANALYSIS OF VARIANCE OF THE VARIABLE DS 
DEPENDENT VARIABLE: DS DENSITY OF THE SCAN SECTION 
SOURCE DF SUM OF SQUARES MEAN SQUARE F VALUE 
MODEL 21 0.51894074 0.02471146 12.671 
ERROR 194 0.37834074 0.00195021 
COR. TOTAL 215 0.89728148 















































6 . 6 8  
15.40 
0.24 





TESTS OF HYPOTHESES USING THE TYPE III MS FOR VAR(NODE) AS 
AN ERROR TERM 
SOURCE DF TYPE 111 SS F VALUE PR > F 
NODE 1 0.01126667 0.3B 0.5489 
ANALYSIS OF VARIANCE OF THE VARIABLE DIA 







COR. TOTAL 215 






















































TESTS OF HYPOTHESES USING THE TYPE III MS 
FOR VAR(NODE) AS AN ERROR TERM 
SOURCE DF TYPE 111 SS F VALUE PR > F 
NODE 1 16.88962963 0.22 0.6423 
186 
MEANS SEPARATION OF THE VARIABLES MP, DP, MS, DS, DIA 
T TESTS (LSD) FOR VARIABLE: MP 
ALPHA=0.05 DF=16 MSE=37.4104 
CRITICAL VALUE OF T=2.11991 
LEAST SIGNIFICANT DIFFERENCES .7645 
MEANS WITH THE SAME LETTER ARE NOT 
SIGNIFICANTLY DIFFERENT. 
T GROUPING MEAN N NODE 
A 68.3367 108 0 
A 67.8096 108 1 
T TESTS (LSD) FOR VARIABLE: DP 
ALPHA=0.05 DF=16 MSE=.0158296 
CRITICAL VALUE OF T=2.11991 
LEAST SIGNIFICANT DIFFERENCES.0363 
GROUPING MEAN N NODE 
A 1.06926 108 O 
A 1.05000 108 1 
T TESTS (LSD) FOR VARIABLE: MS 
ALPHA=0.05 DF=16 MSE=32.3707 
CRITICAL VALUE OF T=2.11991 
LEAST SIGNIFICANT DIFFERENCES.6413 
T GROUPING MEAN N NODE 
A 68.8370 108 1 
A 67.7667 108 0 
T TESTS (LSD) FOR VARIABLE: DS 
ALPHA=0.05 DF=16 MSE=.0300426 
CRITICAL VALUE OF T=2.11991 
LEAST SIGNIFICANT DIFFERENCES.05 
T GROUPING MEAN N NODE 
A 1.09296 108 0 
A 1.07852 108 1 
GENERAL LINEAR MODELS PROCEDURE 
T TESTS (LSD) FOR VARIABLE: DIA 
ALPHA=0.05 DF=16 MSE=75.3707 
CRITICAL VALUE OF T=2.11991 
LEAST SIGNIFICANT DIFFERENCE=2.5045 
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T TESTS (LSD) FOR VARIABLE: MP 
ALPHA=0.05 DF=194 MSE=2.35499 
CRITICAL VALUE OF T=1.97227 













T TESTS (LSD) FOR VARIABLE: DP 
ALPHA=0.05 DF=194 MSE=.0016502 
CRITICAL VALUE OF T=1.97227 














GENERAL LINEAR MODELS PROCEDURE 
T TESTS (LSD) FOR VARIABLE: MS 
ALPHA=0.05 DF=194 MSE=1.09877 
CRITICAL VALUE OF T=1.97227 
LEAST SIGNIFICANT DIFFERENCE=.34456 














T TESTS (LSD) FOR VARIABLE: DS 
ALPHA=0.05 DF=194 MSE=.0019502 
CRITICAL VALUE OF T=1.97227 













T TESTS (LSD) FOR VARIABLE: DIA 
ALPHA=0.05 DF=194 MSE=1.58757 
CRITICAL VALUE OF T=l.97227 













V A R I A B L E S  
MU - LINEAR ATTENUATION COEFFICIENT 
MM - TOTAL MASS ATTENUATION COEFFICIENT 
MS - MOISTURE OF THE SCAN SECTION 
MP - MOISTURE OF THE PORTION 
DS - DENSITY OF THE SCAN SECTION 
DP - DENSITY OF THE PORTION 
DIA - CANE DIAMETER 
TABLE A9. MATRIX OF CORRELATION COEFFICIENTS OF THE GAMMA 
RAY 
VARIABLES 
VARIABLE N MEAN STD DEV SUM MINIMUM MAXIMUM 
MU 54 0 .0079 0. 001 0. 4254 0 .0064 0 .00938 
MM 54 72 .7174 5. 314 3926. 7371 60 .4743 84 .47545 
MS 54 68 .3019 1 . 987 3688. 3000 64 .0000 72 .40000 
MP 54 68 .0731 2. 297 3675. 9500 59 .0700 74 .86000 
DS 54 1 .0857 0. 065 58. 6300 0 .9400 1 .30000 
DP 54 1 .0596 0. 054 57. 2200 0 .8700 1 .19000 
DIA 54 21 .8241 3. 366 1178. 5000 13 .6000 28 .60000 
PEARSON CORRELATION COEFFICIENTS / PROB > DR3 
UNDER HO:RH0=0 / N = 54 
MU MM MS MP DS DP DIA 
MU 1.0000 0.6565 -0.3270 -0.2159 0.2945 0.1508 -0.2723 
0.0001 0.0158 0.1168 0.0306 0.S765 0.0464 
MM 0.6565 1.0000 -0.2447 -0.1390 -0.5251 -0.3060 0.0624 
0.0001 0.0746 0.3162 0.0001 0.0244 0.6540 
MS -0.3270 -0.2447 1.0000 0.64S0 -0.0674 -0.1568 0.1100 
0.0158 0.0746 0.6284 0.2574 0.4286 
MP -0.2159 -0.1390 0.6480 1.0000 -0.0701 -0.0630 0.1879 
0.1168 0.3162 0.0001 0.6146 0.6510 0.1736 
DS 0.2945 -0.5251 -0.0674 -0.0701 1.0000 0.5402 -0.3885 
0.0306 0.0001 0.6284 0.6146 0.0001 0.0037 
DP 0.1508 -0.3060 -0.1568 -0.0630 0.5402 1.0000 -0.0980 
0.2765 0.0244 0.2574 0.6510 0.0001 0.4807 
DIA -0.2723 0.0624 0.1100 0.1879 -0.3885 -0.0980 1.0000 
0.0464 0.6540 0.4286 0.1736 0.0037 0.4807 
A P P E N D I X  7  
REGRESSION ANALYSIS OF THE CALCULATED AND MEASURED 
MASSES 
USING THE GAMMA RAY METHOD. 
I DATA GAMMA; 
£ INFILE SOURCE1(GAMMASS); 
3 INPUT VAR PORTN SW PW SCF PCF CMS CMP FILE $; 
4 LABEL VAR='VARIETY' PORTN='PORTION' SW='SCAN_WEIGHT' 
PW='PORTN_WEIGHT' SCF='SCAN_COR_FAC' 
PCF='PORTN_COR_FAC' 
6 CMS='COR_MASS_SCAN' CMP='COR_MASS_PORTN'; 
7 PROC CORR; 
8 VAR SW PW CMS CMP; 
9 PROC REG; 
10 MODEL CMP=PW; 
II S: TEST PW=l; 
12 I: TEST INTERCEPTS; 
13 MODEL CMS=SW; 
14 S: TEST SW=l; 
15 I: TEST INTERCEPTS; 
190 
191 
TABLE A10. MATRIX OF CORRELATION COEFFICIENTS OF THE 
CALCULATED AND MEASURED MASEES USING GAMMA RAY 
TRANSMISSION TECHNIQUE. 
PEARSON CORRELATION COEFFICIENTS / PROB > 3RD 




































VARIABLES SW - OBSERVED WEIGHT OF THE SCAN SECTION 
PW - OBSERVED WEIGHT OF THE PORTION 
CMS - CALCULATED WEIGHT OF THE SCAN SECTION 
CMP - CALCULATED WEIGHT OF THE PORTION 
SW PW CMS CMP 


















REBRESSION ANALYSIS OF THE VARIABLE PORTION WEIGHT <PW> AND 
THE CALCULATED PORTION WEIGHT (CMP). 
DEP VARIABLE: CMP CALCULATED MASS FOR THE PORTION 





SQUARE F VALUE PROB>F 
S9S320.28 298320.28 1657.738 0.0001 MODEL 1 
ERROR 262 47148.54447 179.95628 













VARIABLE DF ESTIMATE 
STANDARD T FOR HO: 
ERROR PARAMETERS PROB > DTD 
INTERCEP 1 3.20278246 2.98112522 1.074 
PW 1 1.02238828 0.02511065 40.715 
0.2837 
0.0001 
TEST FOR SLOPE = 1 
NUMERATOR: 143.052 DF: 1 F VALUE: 0.7949 
DENOMINATOR: 179.956 DF: 262 PROB >F : 0.3734 
REGRESSION ANALYSIS OF THE VARIABLE SECTION MASS <SW> AND 
THE CALCULATED SECTION MASS (CMS) 
DEP VARIABLE: CMS CALCULATE MASS FOR THE SCAN SECTION 





SQUARE F VALUE PROB>F 
MODEL 1 7640.55539 
ERROR 262 975.36701 




ROOT MSE 1.929449 R-SQUARE 0.8868 
DEP MEAN 15.47652 ADJ R-SQ 0.8864 
C.V. 12.46695 
PARAMETER ESTIMATES 
PARAMETER STANDARD T FOR HO: 
VARIABLE DF ESTIMATE ERROR PARAMETERS PROB > DTD 
INTERCEP 1 0.32362594 0.35493146 0.912 0.3627 
SW 1 1.01398224 0.02238212 45.303 0.0001 
TEST FOR THE SLOPE = 1 
NUMERATOR: 1.45284 DF: 1 
DENOMINATOR: 3.72277 DF: 262 
F VALUE: 0.3903 
PROB >F : 0.5327 
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Table All. Data input for gamma ray analysis. 
DBS MU MP DP MS DS DIA MM 
1 0 .0072305 70. 06 1 .08 72 .0 1 .09 25 .3 66 .3349 
2 0 .0071722 70. 06 1 .08 72 .0 1 .09 25 .3 65 .8000 
3 0 .0071562 70. 06 1 .08 72 .0 1 .09 25 .3 65 .6532 
4 0 .0071398 70. 06 1 .08 72 .0 1 .09 25 .3 65 .5028 
5 0 .0074920 66. 91 1 .06 67 .5 1 .08 27 .2 69 .3704 
6 0 .0074335 66. 91 1 .06 67 .5 1 .08 27 .2 68 .8287 
7 0 .0076476 66. 91 1 .06 67 .5 1 .08 27 .2 70 .8111 
8 0 .0078713 66. 91 1 .06 67 .5 1 .08 27 .2 72 .8824 
9 0 .0079379 67. 29 0 .87 65 .9 1 .00 23 .8 79 .3790 
10 0 .0082183 67. 29 0 .87 65 .9 1 .00 23 .8 82 . 1830 
1 1 0 .0083594 67. 29 0 .87 65 .9 1 .00 23 .8 83 .5940 
12 0 .0083685 67. 29 0 .87 65 .9 1 .00 23 .8 83 .6850 
13 0 .0079570 74. 86 1 .04 67 .7 1 .00 27 .6 79 .5700 
14 0 .0080163 74. 86 1 .04 67 .7 1 .00 27 .6 80 . 1630 
15 0 .0080164 74. 86 1 .04 67 .7 1 .00 27 .6 80 . 1640 
16 0 .0081983 74. 86 1 .04 67 .7 1 .00 27 .6 81 .9830 
17 0 .0075802 66. 96 1 .07 67 .4 1 .08 27 .2 70 . 1870 
18 0 .0076349 66. 96 1 .07 67 .4 1 .08 27 .2 70 .6935 
19 0 .0075233 66. 96 1 .07 67 .4 1 .08 27 .2 69 .6602 
20 0 .0075255 66. 96 1 .07 67 .4 1 .08 27 .2 69 .6806 
21 0 .0079270 67. 26 1 .07 68 .6 1 . 10 25 .6 72 .0636 
22 0 .0078194 67. 26 1 .07 68 .6 1 . 10 25 .6 71 .0855 
23 0 .0077356 67. 26 1 .07 68 .6 1 . 10 25 .6 70 .3236 
24 0 .0078284 67. 26 1 .07 68 .6 1 .10 25 .6 71 . 1673 
25 0 .0084395 59. 07 0 .99 64 .4 1 .02 23 .0 82 .7402 
26 0 .0087606 59. 07 0 .99 64 .4 1 .02 23 .0 85 .8882 
27 0 .0085711 59. 07 0 .99 64 .4 1 .02 23 .0 84 .0304 
28 0 .0086631 59. 07 0 .99 64 .4 1 .02 23 .0 84 .9324 
29 0 .0077744 69. 39 1 . 12 68 .8 1 .01 24 .2 76 .9743 
30 0 .0075646 69. 39 1 . 12 68 .8 1 .01 24 .2 74 .8970 
31 0 .0077704 69. 39 1 . 12 68 .8 1 .01 24 .2 76 .9347 
32 0 .0073597 69. 39 1 . 12 68 .8 1 .01 24 .2 72 .8683 
33 0 .0082966 66. 28 1 .05 67 .6 1 .02 17 .8 81 .3392 
34 0 .0079310 66. 28 1 .05 67 .6 1 .02 17 .8 77 .7549 
35 0 .0085647 66 • 28 1 .05 67 .6 1 .02 17 .8 83 .9676 
36 0 .0083776 66. 28 1 .05 67 .6 1 .02 17 .8 82 . 1333 
37 0 .0078529 69. 02 1 .08 71 .8 1 .08 23 .6 72 .7120 
38 0 .0074123 69. 02 1 .08 71 .8 1 .08 23 .6 68 .6324 
39 0 .0075986 69. 02 1 .08 71 .8 1 .08 23 .6 70 .3574 
40 0 .0076106 69. 02 1 .08 71 .8 1 .08 23 .6 70 .4685 
41 0 .0073757 67. 57 1 .03 70 .9 1 .01 23 .2 73 .0267 
42 0 .0070908 67. 57 1 .03 70 .9 1 .01 23 .2 70 .2059 
43 0 .0071212 67. 57 1 .03 70 .9 1 .01 23 .2 70 .5069 
44 0 .0072612 67. 57 1 .03 70 .9 1 .01 23 .2 71 .8931 
45 0 .0080202 69. 02 1 .03 72 .4 1 . 12 21 .0 71 .6089 
46 0 .0082408 69. 02 1 .03 72 .4 1 . 12 21 .0 73 .5786 
47 0 .0081177 69. 02 1 .03 72 .4 1 . 12 21 .0 72 .4795 
48 0 .0080840 69. 02 1 .03 72 .4 1 . 12 21 .0 72 . 1786 
49 0 .0077323 67. 96 1 .04 69 .4 1 .06 23 .0 72 .9462 
Table All (continued) 
DBS MU MP DP MS DS DIA MM 
50 0. 0077101 67. 96 1 .04 69. 4 1 .06 23 .0 72. 7368 
51 0. ,0078192 67. 96 1 .04 69. 4 1 .06 23 .0 73. 7660 
52 0. 0075982 67. 96 1 .04 69. 4 1 .06 23 .0 71 . 6811 
53 0. ,0085744 67. 14 1 .08 68. 8 1 .07 20 .6 80. 1346 
54 0. 0082201 67. 14 1 .08 68. 8 1 .07 20 .6 76. 8234 
55 0. ,0084738 67. 14 1 .08 68. 8 1 .07 20 .6 79. 1944 
56 0. 0088144 67. 14 1 .08 68. 8 1 .07 20 .6 82. 3776 
57 0. 0078190 66. 59 1 .09 67. 5 1 . 15 19 .0 67. 9913 
58 0. 0077002 66. 59 1 .09 67. 5 1 . 15 19 .0 66. 9583 
59 0. 0081551 66. 59 1 .09 67. 5 1 . 15 19 .0 70. 9139 
60 0. 0077956 66. 59 1 .09 67. 5' 1 . 15 19 .0 67. 7878 
61 0. 0077463 67. 44 1 .08 68. 1 1 .05 24 .6 73. 7743 
62 0. 0077401 67. 44 1 .08 68. 1 1 .05 24 .6 73. 7152 
63 0. 0079773 67. 44 1 .08 68. 1 1 .05 24 .6 75. 9743 
64 0. 0078180 67. 44 1 .08 68. 1 1 .05 24 .6 74. 4571 
65 0. 0079944 65. 89 1 .06 68. 1 1 .07 23 .4 74. 7140 
66 0. 0077617 65. 89 1 .06 68. 1 1 .07 23 .4 72. 5393 
67 0. 0078778 65. 89 1 .06 68. 1 1 .07 23 .4 73. 6243 
68 0. 0082267 65. 89 1 .06 68. 1 1 .07 23 .4 76. 8850 
69 0. 0081512 64. 35 1 .04 65. 0 1 .09 18 .0 74. 7817 
70 0. 0084946 64. 35 1 .04 65. 0 1 .09 18 .0 77. 9321 
71 0. 0082613 64. 35 1 .04 65. 0 1 .09 18 .0 75. 7917 
72 0. 0083436 64. 35 1 .04 65. 0 1 .09 18 .0 76. 5468 
73 0. 0073467 70. 70 1 .01 70. 9 1 .06 21 .2 69. 3085 
74 0. 0073583 70. 70 1 .01 70. 9 1. 06 21 .2 69. 4179 
75 0. 0071651 70. 70 1 .01 70. 9 1 .06 21 .2 67. 5953 
76 0. 0069669 70. 70 1 .01 70. 9 1 .06 21 .2 65. 7255 
77 0. 0074683 68. 40 1 .02 69. 1 1 .00 19 .6 74. 6830 
78 0. 0074117 68. 40 1 .02 69. 1 1 .00 19 .6 74. 1170 
79 0. 0073729 68. 40 1 .02 69. 1 1 .00 19 .6 73. 7290 
80 0. 0075919 68. 40 1 .02 69. 1 1 .00 19 .6 75. 9190 
81 0. 0078369 68. 16 1 .07 69. 4 1 .09 20 .0 71 . 8982 
82 0. 0077286 68. 16 1 .07 69. 4 1 .09 20 .0 70. 9046 
83 0. 0077083 68. 16 1 .07 69. 4 1 .09 20 .0 70. 7183 
84 0. 0080280 68. 16 1 .07 69. 4 1 .09 20 .0 73. 6514 
85 0. 0081221 70. 14 1 .07 69. 5 1 . 18 23 .8 68. 8314 
86 0. 0077586 70. 14 1 .07 69. 5 1 . 18 23 .8 65. 750B 
87 0. 0078311 70. 14 1 .07 69. 5 1 . 18 23 .8 66. 3653 
88 0. 0073052 70. 14 1 .07 69. 5 1 . 18 23 .8 61 . 9085 
89 0. 0079436 69. 38 0 .95 69. 1 0 .99 24 .0 80. 2384 
90 0. 0079073 69. 38 0 .95 69. 1 0 .99 24 .0 79. 8717 
91 0. 0078576 69. 38 0 .95 69. 1 0 .99 24 .0 79. 3697 
92 0. 0078585 69. 38 0 .95 69. 1 0 .99 24 .0 79. 3788 
93 0. 0078267 70. 91 0 .95 70. 2 1 .08 22 .2 72. 4694 
94 0. 0077467 70. 91 0 .95 70. 2 1 .08 22 .2 71. 72B7 
95 0. 0077569 70. 91 0 .95 70. 2 1 .08 22 .2 71. 8231 
96 0. 0075438 70. 91 0 .95 70. 2 1 .08 22 .2 69. 8500 
97 0. 0076641 70. IS 1 .08 66. 8 1 .07 28 .6 71 . 6271 
98 0. 0076098 70. 12 1 .08 66. 8 1 .07 28 .6 71 . 1196 
Table All (continued) 
OBS MU MP DP MS DS DIA MM 
99 0. ,0077107 70. IE 1 .08 66 .8 1 .07 28 .6 72. ,0626 
100 0. 0078215 70. , IE 1 .08 66 .8 1 .07 28 .6 73. ,0981 
101 0. ,0079542 68. 16 1 .07 67 .2 1 .06 27 .2 75. ,0396 
10E 0. 0076265 68. , 16 1 .07 67 .2 1 .06 27 .2 71 . ,9481 
103 0. ,0078608 68. 16 1 .07 67 .2 1 .06 27 .2 74. , 1585 
104 0. 0076343 68. , 16 1 .07 67 .2 1 .06 27 .2 72. ,0217 
105 0. ,0082129 68. E4 1 . IE 66 .9 1 . 18 19 .6 69. 6008 
106 0. 0082758 6B. E4 1 . IE 66 .9 1 . 18 19 .6 70. 1339 
107 0. ,0082313 68. E4 1 . 12 66 .9 1 . 18 19 .6 69. 7568 
108 0. 0080732 68. E4 1 . 12 66 .9 1 . 18 19 .6 68. 4169 
109 0. 0069968 67. 5E 1 .05 69 .3 1 .05 24 .0 66. 6362 
110 0. 0073336 67. 5E 1 .05 69 .3 1 .05 24 .0 69. 8438 
111 0. 0073460 67. 5E 1 .05 69 .3 1 .05 24 .0 69. 9619 
1 IE 0. 0074130 67. 5E 1 .05 69 .3 1 .05 24 .0 70. 6000 
1 13 0. 0086828 66. 93 1 .07 67 .8 1 .09 21 .2 79. 6587 
1 14 0. 0085158 66. 93 1 .07 67 .8 1 .09 21 .2 78. 1266 
1 15 0. 0086667 66. 93 1 .07 67 .8 1 .09 21 .2 79. 5110 
116 0. 0084203 66. 93 1 .07 67 .8 1 .09 21 .2 77. 2505 
117 0. 0081805 66. 31 1 .09 67 .2 1 .08 20 .8 75. 7454 
1 IB 0. 0082E82 66. 31 1 .09 67 .2 1 .08 20 .8 76. 1870 
119 0. 0084990 66. 31 1 .09 67 . £  1 .08 20 .8 78. 6944 
ISO 0. 0084E66 66. 31 1 .09 67 . £  1 .08 20 .8 78. 0241 
1E1 0. 0072203 65. 89 1 .07 66 .3 1 .09 22 .6 66. 2413 
1EE 0. 0072369 65. 89 1 .07 66 .3 1 .09 22 .6 66. 3936 
1E3 0. 0071511 65. 89 1 .07 66 .3 1 .09 22 .6 65. 6064 
124 0. 0071078 65. 89 1 .07 66 .3 1 .09 22 .6 65. 2092 
1E5 0. 0078905 65. 81 1 .08 65 .6 1 .EE 19 .0 64. 6762 
1E6 0. 0078088 65. 81 1 .08 65 .6 1 .EE 19 .0 64. 0066 
1E7 0. 0075339 65. 81 1 .08 65 .6 1 . 22 19 .0 61 . 7533 
1E8 0. 0088E69 65. 81 1 .08 65 .6 1 .22 19 .0 72. 3516 
1E9 0. 0092681 64. 87 1 .09 64 .0 1 . 11 15 .4 83. 4964 
130 0. 0093073 64. 87 1 .09 64 .0 1 .11 15 .4 83. 8495 
131 0. 0096861 64. 87 1 .09 64 .0 1 .11 15 .4 87. 2622 
13E 0. 0092456 64. 87 1 .09 64 .0 1 .11 15 .4 83. 2937 
133 0. 0076287 69. 09 1 .05 70 .3 1 .08 26 .0 70. 6361 
134 0. 0075957 69. 09 1 .05 70 .3 1 .08 26 .0 70. 3306 
135 0. 0077638 69. 09 1 .05 70 .3 1 .08 26 .0 71 . 8870 
136 0. 0077861 69. 09 1 .05 70 .3 1 .08 26 .0 72. 0935 
137 0. 0078528 67. 86 1 .05 69 .4 1 .06 22 .8 74. 0830 
138 0. 0078629 67. 86 1 .05 69 .4 1 .06 22 .8 74. 1783 
139 0. 0073888 67. 86 1 .05 69 .4 1 .06 22 .8 69. 7057 
140 0. 0078492 67. 86 1 .05 69 .4 1 .06 22 .8 74. 0491 
141 0. 0079335 69. 46 1 .03 71 .5 1 .08 22 .2 73. 4583 
142 0. 0079195 69. 46 1 .03 71 .5 1 .08 22 .2 73. 3287 
143 0. 0078472 69. 46 1 .03 71 .5 1 .08 22 .2 73. 0407 
144 0. 0077177 69. 46 1 .03 71 .5 1 .08 22 .2 71 . 4602 
145 0. 0082956 68. 61 1 .08 68 .5 1 .11 19 .2 74. 7351 
146 0. 0080075 68. 61 1 .08 68 .5 1 .11 19, .2 72. 1396 
147 0. 008475S 68. 61 1 .08 68 .5 1 .11 19 .2 76. 3532 
148 0. 0082003 68. 61 1 .08 68 .5 1 .11 19, .2 73. 8766 
Table All (continued) 
OBS MU MP DP MS DS DIA MM 
149 0. 0077781 67. , 14 1 . 11 67. ,4 1 . 19 20 .0 65. 3622 
150 0. 0076076 67. , 14 1 . 11 67. 4 1 . 19 20 .0 63. ,9294 
151 0. ,0078705 67. 14 1 . 11 67. 4 1 . 19 20 .0 66. , 1387 
152 0. 0077011 67. , 14 1 . 11 67. 4 1 . 19 20 .0 64. 7151 
153 0. ,0082586 66. 92 1 . 11 67. 3 1 .30 13 .6 63. 5277 
154 0. 0082995 66 • ,92 1 . 11 67. 3 1 .30 13 .6 63. 8423 
155 0. ,0081167 66. ,92 1 . 11 67. 3 1 .30 13 .6 62. 4362 
156 0. 0081900 66. 92 1 .11 67. 3 1 .30 13 .6 63. 0000 
157 0. ,0089165 68. 42 1 . 16 66. 4 1 . 19 20 .2 74. 9286 
158 0. 0085963 68. 42 1 . 16 66. 4 1 . 19 20 .2 72. 2378 
159 0. 0085302 68. 42 1 . 16 66. 4 1 . 19 20 .2 71 . 6824 
160 0. 0084125 68. 42 1 . 16 66. 4 1 . 19 20 .2 70. 6933 
161 0. 0080730 68. 13 1 .11 69. 0 1 . 16 20 .2 69. 5948 
162 0. 0082140 68. 13 1 . 11 69. 0 1 . 16 20 .2 70. 8103 
163 0. 0081465 68. J1 1 . 11 69. 0 1 . 16 20 .2 70. 2284 
164 0. 0079149 68. 13 1 . 11 69. 0 1 . 16 20 .2 68. 2319 
165 0. 0080565 68. 47 1 . 16 68. 9 1 .23 16 .4 65. 5000 
166 0. 0081016 68. 47 1 . 16 68. 9 1 .23 16 .4 65. 8667 
167 0. 0076830 68. 47 1 . 16 68. 9 1 .23 16 .4 62. 4634 
168 0. 0078939 68. 47 1 . 16 68. 9 1 .23 16 .4 64. 1780 
169 0. 0078715 69. 62 1 .03 68. 2 1 .02 25 .2 77. 1716 
170 0. 0078238 69. 62 1 .03 68. 2 1 .02 25 .2 76. 7039 
171 0. 0076749 69. 62 1 .03 68. 2 1 .02 25 .2 75. 2441 
172 0. 0077076 69. 62 1 .03 68. 2 1 .02 25 .2 75. 5647 
173 0. 0079342 68. 56 1 .13 67. 9 1 . 10 24 .2 72. 1291 
174 0. 0077463 68. 56 1 . 13 67. 9 1 . 10 24 .2 70. 4209 
175 0. 0079626 68. 56 1 . 13 67. 9 1 . 10 24 .2 72. 3873 
176 0. 0079591 68. 56 1 . 13 67. 9 1 . 10 24 .2 72. 3555 
177 0. 0069096 69. 47 0 .95 70. 1 1 . 10 16 .4 62. 8145 
178 0. 0083070 69. 47 0 .95 70. 1 1 . 10 16 .4 75. 5182 
179 0. 0082215 69. 47 0 .95 70. 1 1 . 10 16 .4 74. 7409 
180 0. 0081555 69. 47 0 .95 70. 1 1 . 10 16 .4 74. 1409 
181 0. 0083373 71 . 91 1 .09 70. 5 1 .08 23 .2 77. 1972 
182 0. 0083173 71 . 91 1 .09 70. 5 1 .08 23 .2 77. 0120 
183 0. 0084740 71 . 91 1 .09 70. 5 1 .OB 23 .2 78. 4630 
184 0. 0085044 71 . 91 1 .09 70. 5 1 .08 23 .2 78. 7444 
185 0. 0075876 71 . 8B 1 .07 71 . 0 1 . 13 20 .0 67. 1469 
186 0. 0075708 71 . 88 1 .07 71 . 0 1 . 13 20 .0 66. 9982 
187 0. 0077553 71 . 88 1 .07 71 . 0 1 . 13 20 .0 68. 6310 
188 0. 0081527 71 . 88 1 .07 71 . 0 1 .13 20 .0 72. 1478 
189 0. 0089045 71 . 82 1 .06 70. 7 1 .07 16 .6 83. 2196 
190 0. 0091610 71. 82 1 .06 70. 7 1 .07 16 .6 85. 6168 
191 0. 0084865 71 . 82 1 .06 70. 7 1 .07 16 .6 79. 3131 
192 0. 0081794 71 . 82 1 .06 70. 7 1 .07 16 .6 76. 4430 
193 0. 0083008 68. 02 1 .04 67. 3 1 .08 24 .6 76. 8593 
194 0. 0079773 68. 02 1 .04 67. 3 1 .08 24 .6 73. 8639 
195 0. 0081558 68. OS 1 .04 67. 3 1 .08 24 .6 75. 5167 
196 0. 0081420 68. 02 1 .04 67. 3 1 .08 24 .6 75. 3889 
197 0. 0073268 65. 62 1 . 19 64. 9 1 .06 22 .2 69. 1208 
198 0. 0076049 65. 62 1 . 19 64. 9 1 .06 22, .2 71 . 7443 
TableAl1 (continued) 
OBS ML) MP DP MS DS DIA MM 
199 0. 0074907 65 .62 1 
500 0. 0079360 65 .62 1 
201 0. 0083617 65 .83 1 
20S 0. 0083869 65 .83 1 
503 0. 0079903 65 .83 1 
204 0. 0078507 65 .83 1 
505 0. 0078500 67 .80 1 
506 0. 0080658 67 .80 1 
207 0. 0076575 67 .80 1 
508 0. 0069906 67 .80 1 
509 0. 0062455 67 .80 1 
510 0. 0065338 67 .80 1 
511 0. 0064879 67 .80 1 
515 0. 0063739 67 .80 1 
213 0. 0069981 68 .92 1 
214 0. 0066528 68 .92 1 
215 0. 0060010 68 .92 1 
216 0. 0063430 68 .92 1 
64 .9 1 .06 55 .2 70 .6670 
64 .9 1 .06 55 .2 74 .8679 
64 .7 1 .08 19 .8 77 .4231 
64 .7 1 .08 19 .8 77 .6565 
64 .7 1 .08 19 .8 73 .9843 
64 .7 1 .08 19 .8 72 .6917 
66 .7 1 .06 51 .2 74 .0566 
66 .7 1 .06 51 .2 76 .0925 
66 .7 1 .06 51 .2 72 .2406 
66 .7 1 .06 51 .2 65 .9491 
68 .2 1 .06 51 .6 58 .9198 
68 .2 1 .06 51 .6 61 .6396 
68 .2 1 .06 51 .6 61 .2066 
68 .2 1 .06 21 .6 60 . 1311 
68 .2 0 .94 15 .6 74 .4479 
68 .2 0 .94 15 .6 70 .7745 
68 .5 0 .94 15 .6 63 .8404 




















Table A12. Data input for the calculated and 
observed masses for the gamma ray 
technique 
OBS SW PW CMS CMP 
1 25. ,0 169. 0 23 .52 160. 55 
2 25. 0 169. 0 25 .02 170. 80 
3 25. 0 169. 0 24 .42 166. 67 
4 25. 0 169. 0 22 .77 155. 46 
5 2B. ,0 152. 0 27 .79 153. 93 
6 2B. 0 152. 0 25 .89 143. 38 
7 2B. 0 152. 0 24 .22 134. 16 
e 28. 0 152. 0 28 . 14 155. 88 




 0 24 .94 153. 04 
10 22. 0 11B. 0 23 .22 142. 52 
11 22. 0 1 IB. 0 24 .65 151 . 29 
IS 22. 0 1 IB. 0 25 .67 157. 51 
13 22. 0 175. 0 24 .40 170. 81 
1* PP: ft 175 • 0 25 .04 175. 28 
15 22. 0 175. 0 28 .03 196. 21 
16 22. 0 175. 0 26 .79 187. 51 
17 27. 0 168. 0 23 .60 148. 20 
IB 27. 0 168. 0 23 .68 148. 72 
19 27. 0 168. 0 22 .78 143. 06 
SO 27. 0 168. 0 25 .02 157. 12 
21 22. 0 146. 0 21 . 15 143. 80 
22 22. 0 146. 0 20 .85 141 . 81 
23 22. 0 146. 0 21 . 18 144. 02 
24 22. 0 146. 0 21 .20 144. 15 
25 22. 5 140. 0 32 .60 210. 41 
26 22. 5 140. 0 31 .36 202. 43 
27 22. 5 140. 0 31 .59 203. 91 
2B 22. 5 140. 0 32 .21 207. 87 
29 20. 2 144. 4 22 . 14 142. 82 
30 20. 2 144. 4 23 .59 152. 14 
31 20. 2 144. 4 20 .79 134. 12 
32 20. 2 144. 4 23 .21 149. 69 
33 10. 2 77. 4 11 .54 85. 39 
34 10. 2 77. 4 11 .70 86. 56 
35 10. 2 77. 4 11 .37 84. 15 
36 10. 2 77. 4 10 .73 79. 37 
37 19. 5 143. 0 20 .45 151 . 08 
3B 19. 5 143. 0 20 .77 153. 45 
39 19. 5 143. 0 19 .33 142. 80 
40 19. 5 143. 0 22 .55 166. 64 
42 17. 2 136. 0 18 .37 142. 61 
43 17. 2 136. 0 18 .37 142. 67 
44 17. 2 136. 0 20 .57 159. 74 
45 14. 5 118. 8 15 .59 137. 93 
Table A12 (continued) 
•BS SUI PW CMS CMP 
46 14 .5 118 .8 14 .97 132 .43 
47 14 .5 118 .8 15 .89 140 .58 
48 14 .5 118 .8 15 .33 135 .64 
49 18 .0 134 .5 19 .61 148 .82 
50 18 .0 134 .5 19 .46 147 .64 
51 18 .0 134 .5 20 .91 158 .66 
52 18 .0 134 .5 20 .31 154 . 15 
53 16 .0 113 .2 20 .09 140 .63 
54 16 .0 113 .2 18 .53 129 .67 
55 16 .0 113 .2 19 .23 134 .57 
56 16 .0 113 .2 18 .08 126 .54 
57 12 .6 83 .8 10 .45 73 . 12 
58 12 .6 83 .8 12 . 16 85 .09 
59 12 .6 83 .8 11 .35 79 .47-
60 12 .6 83 .8 11 . 68 81 .79 
61 21 .0 160 . 6 21 .74 161 .93 
62 21 .0 160 .6 22 . 18 165 .22 
63 21 .0 160 .6 21 .38 159 .29 
64 21 .0 160 .6 19 .52 145 .42 
65 18 .2 132 .5 18 .53 136 .23 
66 18 .2 132 .5 18 .58 136 .60 
67 18 .2 132 .5 17 .84 131 . 15 
68 18 .2 132 .5 17 .21 126 .55 
69 12 .0 87 .8 12 .64 96 .52 
70 12 .0 87 .8 13 .33 101 .81 
71 12 .0 87 .8 12 .97 99 .07 
72 12 .0 87 .8 12 .25 93 .55 
73 14 .0 124 .0 14 . 63 133 .95 
74 14 .0 124 .0 13 .55 124 .04 
75 14 .0 124 .0 12 .58 115 .13 
76 14 .0 124 .0 13 .66 125 .00 
77 12 .4 96 .8 11 .28 88 .39 
78 12 .4 96 .8 11 .70 91 .62 
79 12 .4 96 .8 11 .64 91 . 18 
80 12 .4 96 .8 11 .54 90 .39 
81 8 .8 78 . 1 9 .69 82 .92 
82 8 .8 78 . 1 8 .83 75 .51 
83 8 .8 78 . 1 9 .31 79 .67 
84 8 .8 78 . 1 9 . 10 77 .86 
85 11 .7 93 .5 10 .99 92 .90 
86 11 .7 93 .5 10 .58 89 .42 
87 11 .7 93 .5 11 .80 99 .72 
88 11 .7 93 .5 11 .21 94 .76 
89 11 .0 86 .7 9 .58 74 .00 
90 11 .0 86 .7 10 .64 82 .24 
92 11 .0 86 .7 10 .20 7B .84 
93 9 .8 82 .6 9 .31 79 .66 
94 9 .8 82 .6 8 .66 74 .07 
95 9 .8 82 .6 8 .63 73 .86 
OBS 
Table A12 (continued) 
SW PW CMS CMP 
96 9 .8 82 .6 8 .78 75 . 15 
97 17 .0 131 .2 16 .69 134 .57 
98 17 .0 131 .2 17 .39 140 . 18 
99 17 .0 131 .2 16 .21 130 . 66 
100 17 .0 131 .2 16 .78 135 .26 
101 17 .9 138 .8 18 .35 143 .59 
10S 17 .9 138 .8 19 .46 152 .21 
103 17 .9 138 .8 19 .21 150 .27 
104 17 .9 138 .8 18 .45 144 .35 
105 18 .2 141 .4 18 .37 144 .83 
106 18 .2 141 .4 20 .42 160 .98 
107 18 .2 141 .4 19 .99 157 .55 
108 18 .2 141 .4 19 .42 153 . 1 1 
109 17 .7 124 .6 15 .70 122 .48 
110 17 .7 124 .6 15 .05 117 .39 
111 17 .7 124 .6 15 .74 122 .78 
US 17 .7 124 .6 16 .57 129 .24 
113 14 .9 119 .2 16 .92 140 .98 
114 14 .9 1 19 .2 19 .11 159 .22 
115 14 .9 119 .2 17 .03 141 .94 
116 14 .9 1 19 .2 15 .75 131 .24 
117 15 . 1 102 . 1 14 .29 109 .23 
118 15 . 1 102 . 1 15 .67 119 .79 
119 15 . 1 102 . 1 15 .93 121 .72 
1E0 15 . 1 102 . 1 14 .45 110 .41 
121 24 .7 152 .6 20 .81 128 .46 
122 24 .7 152 .6 20 . 19 124 .65 
123 24 .7 152 .6 20 .79 128 .34 
124 24 .7 152 .6 20 .71 127 .88 
125 23 .2 138 .5 19 .88 117 .50 
126 23 .2 138 .5 22 .44 132 .59 
127 23 .2 138 .5 21 .36 126 .23 
128 23 .2 138 .5 23 .00 135 .92 
129 11 .8 82 .8 11 .04 81 .69 
130 11 .8 82 .8 11 .02 81 .55 
131 11 .8 82 .8 11 .25 83 .24 
132 11 .8 82 .8 11 .04 81 .68 
133 17 .9 144 .7 17 .33 140 .67 
134 17 .9 144 .7 19 .74 160 .22 
135 17 .9 144 .7 18 .33 148 .82 
136 17 .9 144 .7 17 : 16 139 .29 
137 15 .2 125 .5 16 .47 137 .60 
138 15 .2 125 .5 15 .40 128 .68 
139 15 .2 125 .5 16 .44 137 .43 
140 15 .2 125 .5 15 .70 131 . 19 
141 11 .9 103 .9 11 .67 102 .21 
142 11 .9 103 .9 11 .62 100 .39 
143 11 .9 103 .9 11 .55 99 .78 
144 11 .9 103 .9 12 .37 106 .87 
Table A12 (continued) 
•BB SW PW CMS CMP 
145 16 .3 119 .9 17 .78 132 .79 
146 16 .3 1 19 .9 14 .81 110 .60 
147 16 .3 119 .9 15 .66 116 .91 
148 16 .3 1 19 .9 17 .34 129 .47 
149 12 .2 89 .5 12 .40 102 .95 
150 12 .2 89 .5 10 .98 91 .09 
151 12 .2 89 .5 11 .07 91 .89 
15S 12 .2 89 .5 11 .80 97 .95 
153 8 .9 61 .2 9 .53 66 .74 
154 8 .9 61 .2 9 . 11 63 .74 
155 8 .9 61 .2 10 .30 72 . 11 
156 8 .9 61 .2 11 . 15 78 .05 
157 17 .2 177 .3 16 .28 172 .00 
158 17 .2 177 .3 18 .96 200 .27 
159 17 .2 177 .3 18 . 13 191 .49 
160 17 .2 177 .3 19 .82 209 .36 
161 17 .0 136 .9 17 .82 144 .77 
162 17 .0 136 .9 16 .90 137 .30 
163 17 .0 136 .9 18 .20 147 .86 
164 17 .0 136 .9 17 .84 144 .93 
165 13 .0 112 .0 13 .57 123 .29 
166 13 .0 112 .0 12 . 11 110 .05 
167 13 .0 112 .0 14 .90 135 .38 
168 13 .0 112 .0 13 .23 120 .21 
169 11 . 1 99 .4 12 .65 116 .36 
170 11 . 1 99 .4 11 .21 103 .09 
171 11 . 1 99 .4 11 .52 105 .95 
172 11 . 1 99 .4 11 . 19 102 .90 
173 9 .5 99 .5 8 .46 95 . 16 
174 9 .5 99 .5 8 .56 96 .26 
175 9 .5 99 .5 9 .03 101 .55 
176 9 .5 99 .5 9 .36 105 .32 
177 5 .2 52 .3 4 .47 52 .47 
178. 5 .2 52 .3 5 .03 59 . 10 
179 5 .2 52 .3 4 .85 56 .94 
180 5 .2 52 .3 4 .78 56 . 11 
181 11 .9 108 .6 11 .90 111 .91 
182 11 .9 108 .6 13 .75 129 .21 
183 11 .9 108 .6 13 . 14 123 .54 
184 11 .9 108 .6 13 .50 126 .92 
185 11 .6 100 . 1 12 . 19 109 .70 
186 11 .6 100 . 1 12 . 15 109 .32 
187 11 .6 100 . 1 10 .80 97 . 18 
188 11 .6 100 . 1 11 .84 106 .60 
189 7 .4 64 .7 6 . 66 62 .19 
190 7 .4 64 .7 6 .68 62 .32 
191 7 .4 64 .7 6 .65 62 .06 
192 7 .4 64 .7 7 .03 65 .64 
193 17 .3 133 .3 18 .84 142 .99 
Table A1E (continued) 
•BS SW PW CMS CMP 
194 17 .3 133 .3 18 .59 141 .03 
195 17 .3 133 .3 IB .72 142 .08 
196 17 .3 133 • 3 19 .31 146 .50 
197 16 .5 142 .8 16 .59 139 .35 
198 16 .5 142 .8 17 .28 145 . 13 
199 16 .5 142 .8 16 .79 141 .00 
200 16 .5 142 .8 16 .59 139 .33 
201 7 .7 52 .4 7 .43 58 .39 
202 7 .7 52 .4 6 .97 54 .80 
203 7 .7 52 .4 7 .34 57 .71 
204 7 .7 52 .4 6 .69 52 .57 
205 18 .8 161 .4 21 .70 1B3 .27 
206 18 .8 161 .4 21 .50 181 .56 
207 18 .8 161 .4 22 .48 189 .84 
20B 18 .8 161 .4 20 .70 174 .77 
209 19 .6 166 .  1 22 .62 183 .20 
210 19 .6 166 . 1 21 . 12 171 .06 
211 19 .6 166 .  1 22 .86 185 . 18 
212 19 .6 166 .  1 22 .23 180 .07 
213 5 .8 56 .3 6 .78 59 .30 
214 5 .8 56 .3 6 .67 58 .35 
215 5 .8 56 .3 6 .07 53 . 14 
216 5 .8 56 .3 5 .83 51 .02 
217 17 .3 127 .  1 18 . 18 132 .95 
218 17 .3 127 .  1 20 . 14 147 .29 
219 17 .3 127 .  1 19 .22 140 .56 
220 17 .3 127 . 1 19 .00 138 .97 
221 12 .4 85 .7 11 .60 84 .33 
222 12 .4 85 .7 11 .36 82 .64 
223 12 .4 85 .7 11 .38 82 .79 
224 12 .4 85 .7 12 .59 91 .56 
225 7 .5 69 .9 8 .98 84 .68 
226 7 .5 69 .9 8 .01 75 .52 
227 7 .5 69 .9 7 .28 68 .68 
228 7 .5 69 .9 7 .85 73 .97 
229 16 .2 128 .5 16 .42 134 .66 
230 16 .2 128 .5 15 .69 128 .63 
231 16 .2 128 .5 15 .85 129 .95 
232 16 .2 128 .5 14 .91 122 .28 
233 14 .8 98 .6 16 .08 95 .30 
234 14 .8 98 .6 17 .74 105 . 17 
235 14 .8 98 .6 14 .95 88 .61 
236 14 .8 98 .6 15 .36 91 .06 
237 11 .9 87 .8 13 .75 103 .75 
238 11 .9 87 .8 12 .49 94 .27 
239 11 .9 87 . 8  13 .17 99 .34 
240 11 .9 87 .8 12 .55 94 .72 
241 8 .  1 81 .7 9 .66 89 .86 
242 8 .  1 B1 .7 9 .38 87 .24 
Tab le A12 (continued) 
OBS SW PW CMS CMP 
243 8.1 81 .7 9.47 88.05 
244 8 .  1  81 .7 8.61 80. 11 
245 7.4 71 .3 9.08 89.78 
246 7.4 71 .3 8.76 86.63 
247 7.4 71 .3 7.56 74.79 
248 7.4 71 .3 8.39 82.98 
249 7.4 68 .5 8.81 80.38 
250 7.4 68 .5 9.43 86.08 
251 7.4 68 .5 10.04 91 .60 
252 7.4 68 .5 9.37 85.48 
253 13.8 126 .  1 13.86 129.04 
254 13.8 126 .  1 15.13 140.81 
255 13.8 126 .  1 16. 17 150.50 
256 13.8 126 .  1 14.64 136.30 
257 14.8 123 .9 14.97 128.33 
258 14.8 123 .9 14.56 124.83 
259 14.8 123 .9 15.54 133.16 
260 14.8 123 .9 15.71 134.67 
261 6.6 59 .2 6.95 58.54 
262 6.6 59 .2 6.63 55.84 
263 6.6 59 .2 7.09 59. BO 
264 6.6 59 .2 7.49 63.09 
APPENDIX 8 
NMR DATA ANALYSIS 
SAS PROGRAM 
1  D A T A  F 1 ;  
S INFILE SOURCE 1(NMRALL); 
3 INPUT FILE * V0LT0001-V0LT2500; 
4 RATI0=V0LT0047/V0LT0027; 
5 KEEP FILE V0LT0027 V0LT0047 RATIO; 
7 DATA GROUP; 
8 INFILE SOURCES(NMRSAS); 
9 INPUT VARIETY PORTION $ NODE $ MOIST BRIX VP VW RAT 
10 DROP VP VW RATIO; 
IE DATA GROUPS; 
13 MERGE GROUP Fl; 
14 PROC ANOVA; 
15 CLASS VARIETY PORTION NODE; 
16 MODEL RATIO BRIX MOIST=VARIETY PORTION NODE 
VARIETY*PORTION VARIETY*NODE PORTION*NODE 
VARIETY*PORTION*NODE; 
IB RANDOM VARIETY VARIETY*PORTION 
19 VARIETY*NODE VARIETY*PORTION*NODE; 
50 TEST H=VARIETY*PORTION VARIETY*NODE PORTION*NODE 
E=VARIETY*PORTION*NODE; 
51 TEST H=PORTION E=VARIETY*PORTION; 
25 TEST H=NODE E=VARIETY*NODE; 
S3 MEANS PORTION /E=VARIETY*PORTION LSD LINES; 
24 MEANS NODE/E=VARIETY*NODE LSD LINES; 
26 PROC SORT; BY VARIETY PORTION NODE; 
27 DATA EVENODD; SET GR0UP2; 
28 0BS=_N ; 
29 DATA EVEN; SET EVENODD; 
30 IF (INT(0BS/2))*2 EQ OBS; 
31 DATA ODD; SET EVENODD; 
32 IF <INT(OBS/S)>*S NE OBS; 
33 DATA EVEN; SET EVEN; 
34 PROC GLM; 
35 MODEL MOIST=RATIO; 
36 OUTPUT OUT=MOISTC P=MOISTC R=ERROR; 
38 PROC GLM; 
39 MODEL MOISTC=MOIST; 
40 PROC PRINT DATA=MOISTC; 
41 VAR MOIST MOISTC; 




46 KEEP MC RATIO MOIST ERRORSQ ERROR; 
47 PROC PRINT; VAR RATIO MOIST MC ERROR; 
48 DATA REG2; SET REGS; 
205 
49 PROC MEANS SUM; 
50 VAR ERRORSQ; 
51 DATA REG3; SET REG2; 
52 PROC REG; 
53 MODEL MOIST=MC; 
54 S:TEST MC=1 ; 
55 I: TEST INTERCEPTS; 
57 DATA WET; SET REGS; 58 K=_N_; 
59 KEEP K MOIST MC; 
63 PROC PRINT; 
ANALYSIS OF VARIANCE PROCEDURE 
CLASS LEVEL INFORMATION 
CLASS LEVELS VALUES 
VARIETY 12 3 4 5 
PORTION 3 B M T 
NODE S I N 
NUMBER OF OBSERVATIONS IN DATA SET 
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Table A13 (continued) 
MOIST BRIX V0LT0027 V0LT0047 
.8 9.5 1 .990 1 .955 
.5 7.0 1 .985 1 .965 
.6 7.5 2.055 2.035 
.9 13. 1 2. 140 2.100 
.9 IS. 0 1 .690 1 .650 
.6 11.3 2.470 2.430 
.9 10.4 2.460 2.415 
.0 6.8 2.295 2.280 
.4 7.1 2.425 2.400 
.5 16.5 2.520 2.465 
.9 16.5 2.200 2. 125 
.8 15.7 2.015 1 .975 
.7 13.4 2.060 2.025 
.0 10.7 1 .975 1 .955 
.8 10.2 1 .915 1 .895 
.6 17.3 2.250 2. 195 
.8 16.3 2.595 2.525 
.8 13.2 2.310 2.280 
.3 14.4 2.595 2.545 
.7 10.8 1 .865 1 .845 
. 1 9.7 2.075 2.055 
.8 16.2 2. 160 2. 105 
.7 16.2 2.500 2.435 
.4 14.8 1 .785 1 .755 
.9 13.9 2.145 2.110 
.9 10.5 1 .645 1 .615 
.H 9.5 2.040 2.015 
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ANALYSIS OF VARIANCE PROCEDURE FOR VARIABLE RATIO 
DEPENDENT VARIABLE: RATIO AMPLITUDE RATIO 
SOURCE DF SUM OF SQUARES MEAN SQUARE 
MODEL 35 
ERROR 36 


















SOURCE DF ANOVA SS F VALUE PR > F 
VARIETY 5 0. 00018692 3 .45 0 .0120 
PORTION 2 0. 00160860 74 . 15 0 .0001 
NODE 1 0. 00017619 16 .24 0 .0003 
VARIETY*PORTION 10 0. 00016213 1 .49 0 .1816 
VARIETY*NODE 5 0. 00008844 1 .63 0 . 1769 
PORTION*NODE 2 0. 00005358 2 .47 0 .0988 
VARIET *PORT10*N0DE 10 0. 00014681 1 .35 0 .2409 
TESTS OF HYPOTHESES USING THE ANOVA MS FOR 
VARIET*PORTI0*N0DE AS AN ERROR TERM 










TESTS OF HYPOTHESES USING THE ANOVA MS FOR 
VARIETY*PORTION AS AN ERROR TERM 
SOURCE DF ANOVA SS F VALUE PR > F 
PORTION 2 0.00160860 49.61 0.0001 
TESTS OF HYPOTHESES USING THE ANOVA MS FOR 
ViAR I ETY*NODE AS AN ERROR TERM 
SOURCE DF ANOVA SS F VALUE PR > F 
NODE 1 0.00017619 9.96 0.0252 
ANALYSIS OF VARIANCE PROCEDURE FOR VARIABLE BRIX 
DEPENDENT VARIABLE: BRIX */. OF TOTAL SOLIDS IN THE JUICE 
SOURCE DF SUM OF SQUARES MEAN SQUARE F VALUE 
5.HI MODEL 35 
ERROR 36 













ROOT MSE BRIX MEAN 
1.72340909 12.38472222 
SOURCE DF ANOVA SS F VALUE PR > F 
VARIETY 5 75.73902778 5.10 0.0012 
PORTION 2 438.21361111 73.77 0.0001 
NODE 1 1 .47347222 0.50 0.4858 
VARIETY*PORTION 10 14.46805556 0.49 0.8873 
VARIETY*NODE 5 5.18902778 0.35 0.8792 
PORTION*NODE 2 0.32861111 0.06 0.9463 
VARIET *PORT10*N0DE 10 6.49638889 0.22 0.9929 
TESTS OF HYPOTHESES USING THE ANOVA MS FOR 
VARIET*PORTI0*N0DE AS AN ERROR TERM 
SOURCE DF ANOVA SS F VALUE PR > F 
VARIETY*PORTION 10 14.46805556 2.23 0.1114 
VARIETY*NODE 5 5.18902778 1.60 0.2469 
PORTION*NODE 2 0.32861111 0.25 0.7814 
TESTS OF HYPOTHESES USING THE ANOVA MS FOR 
VARIETY*PORTION AS AN ERROR TERM 
SOURCE DF ANOVA SS F VALUE PR > F 
PORTION 2 438.21361111 151.44 0.0001 
TESTS OF HYPOTHESES USING THE ANOVA MS FOR 
VARIETY*NODE AS AN ERROR TERM 
SOURCE DF ANOVA SS F VALUE PR > F 
NODE 1 1.47347222 1.42 0.2869 
ANALYSIS OF VARIANCE PROCEDURE FOR VARIABLE MOIST 
DEPENDENT VARIABLE: MOIST MOISTURE CONTENT 
SOURCE DF SUM OF SQUARES MEAN SQUARE F VALUE 
MODEL 35 976.65375000 27.90439586 7.OA 
ERROR 36 142.77500000 3.96597222 
COR. TOTAL 71 1119.42875000 










SOURCE DF ANOVA SS F VALUE PR > F 
VARIETY 5 85 .04125000 4. 29 
PORTION 2 853 .20083333 107. 57 
NODE 1 3 .69013889 0. 93 
VARIETY*PORTION 10 23 .40416667 0. 59 
VARIETY*NODE 5 3 .80236111 0. 19 
PORTION*NODE 2 0 .31694444 0. 04 








TESTS OF HYPOTHESES USING THE ANOVA MS FOR 
VARIET*PORTI0*N0DE AS AN ERROR TERM 
SOURCE DF ANOVA SS F VALUE PR > F 
VARIETY*PORTION 10 23.40416667 3.25 0.0383 
VARIETY*NODE 5 3.80236111 1.06 0.4379 
PORTION*NODE 2 0.31694444 0.22 0.8062 
TESTS OF HYPOTHESES USING THE ANOVA MS FOR 
VARIETY*PORTION AS AN ERROR TERM 
SOURCE DF ANOVA SS F VALUE PR > F 
PORTION 2 853.20083333 182.28 0.0001 
TESTS OF HYPOTHESES USING THE ANOVA MS FOR 
VARIETY*NODE AS AN ERROR TERM 
SOURCE DF ANOVA SS F VALUE PR > F 
NODE 1 3.69013889 4.85 0.0788 
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MEANS SEPARATION FOR VARIABLES RATIO, BRIX, AND MOIST 
T TESTS (LSD) FOR VARIABLE: RATIO 
ALPHA=0.05 DF= 10 MSE=1.6E-05 
CRITICAL VALUE 0.F T=2.22814 
LEAST SIGNIFICANT DIFFERENCE=.00259 














T TESTS (LSD) FOR VARIABLE: BRIX 
ALPHA=0.05 DF=10 MSE=1.44681 
CRITICAL VALUE OF T=2.22814 













T TESTS (LSD) FOR VARIABLE: MOIST 
ALPHA=0.05 DF=1O MSE=2.34042 
CRITICAL VALUE OF T=2.22814 










C 76.5333 24 B 
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MEANS SEPARATION (CONTINUED) 
T TESTS (LSD) FOR VARIABLE: RATIO 
ALPHA=0.05 DF=5 MSE=1.8E-05 
CRITICAL VALUE OF T=2.57058 
LEAST SIGNIFICANT DIFFERENCE=.00255 
MEANS WITH THE SAME LETTER ARE NOT 
SIGNIFICANTLY DIFFERENT. 
T GROUPING MEAN N NODE 
A 0.9850215 36 I 
B 0.9818929 36 N 
T TESTS (LSD) FOR VARIABLE: BRIX 
ALPHA=0.05 DF=5 MSE=1.03781 
CRITICAL VALUE OF T=S.57058 
LEAST SIGNIFICANT DIFFERENCE=.61724 
T GROUPING MEAN N NODE 
A 12.5278 36 I 
A 12.2417 36 N 
T TESTS (LSD) FOR VARIABLE: MOIST 
ALPHA=0.05 DF=5 MSE=0.760472 
CRITICAL VALUE OF T=2.57058 
LEAST SIGNIFICANT DIFFERENCE=.52837 
T GROUPING MEAN N NODE 
A 80.7639 36 I 
A 80.3111 36 N 
REGRESSION ANALYSIS OF VARIABLES MOIST AND RATIO 







COR. TOTAL 35 





MEAN SQUARE F VALUE 
353.98201055 58.39 
6.06284936 



















































COR. TOTAL 35 



















PARAMETER DF TYPE I SS F VALUE PR > F 
MOIST 1 223.70833456 58.39 0.0001 
PARAMETER DF TYPE 111 SS F VALUE PR > F 
MOIST 1 223.70833456 58.39 0.0001 
OF 
PARAMETER 
T FOR HO: 
ESTIMATE PARAMETERS 
INTERCEPT 29.47663269 4.44 
MOIST 0.63197656 7.64 








TABLE A14. OBSERVED AND CALCULATED MOISTURES VALUES 
FOR THE FIRST REPLICATE 
OBS MOIST MOISTC 
1 76 .2 78 .8955 
s 74 .7 75 .3874 
3 79 .  1 80 .8945 
4 76 .3 78 .6101 
5 8S .7 81 .4107 
6 BS .9 81 .4008 
7 77 .3 78 .5335 
8 76 .6 76 . S3S0 
9 79 .0 76 . 4S38 
10 79 .3 78 .3125 
11 84 .  1 83 .9328 
IS 85 .9 81 .9867 
13 78 .8 78 .3258 
14 77 .4 78 .6313 
15 83 .3 80 . 306S 
16 80 .9 80 .2661 
17 84 . 8  83 .9236 
16 82 .8 82 .6504 
19 77 .5 80 .7587 
SO 78 .5 77 .9374 
SI 83 . 8  88 .7005 
SS 83 .8 80 .0636 
S3 88 .5 83 .7527 
S4 86 .6 83 .9S1S 
S5 7S .5 77 .9827 
26 7S .9 71 .9596 
S7 76 .8 78 .9522 
28 77 .7 80 .3571 
S9 83 .0 83 .7276 
30 82 .8 83 .5718 
31 75 .8 76 . 1964 
3S 75 .7 75 .9327 
33 78 .4 80 .4472 
34 78 .9 80 .6877 
35 83 .9 79 .7448 
36 84 .2 82 . 68S5 
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TABLE A15. OBSERVED AND CALCULATED MOISTURE CONTENTS 
FOR THE SECOND REPLICATE 
OBS RATIO MOIST MC ERROR 
1 0. 980000 76 .2 78 .8757 -2 .6757 
2 0. 974406 76 . 1 76 . 1286 -0 .0286 
3 0. 986434 77 .3 82 .0352 -4 .7352 
4 0. 987719 79 .7 82 .6664 -2 .9664 
5 0. 995338 85 .7 86 .4076 -0 .7076 
6 0. 987179 85 .6 82 .4013 3 .1987 
7 0. 981164 78 .6 79 .4475 -0 .8475 
8 0. 978602 77 .7 78 . 1891 -0 .4891 
9 0. 985669 81 .5 81 .6594 -0 . 1594 
10 0. 980183 80 .4 78 .9655 1 .4345 
11 0. 985740 85 .0 81 .6943 3 .3057 
12 0. 988000 85 .6 82 .8042 2 .7958 
13 0. 984547 79 .3 81 . 1088 -1 .8088 
14 0. 981405 79 .8 79 .5656 0 .2344 
15 0. 987654 82 .8 82 .6344 0 . 1656 
16 0. 978571 81 .7 78 . 1741 3 .5259 
17 0. 990909 87 .2 84 .2328 2 .9672 
18 0. 993631 86 .7 85 .5692 1 . 1308 
19 0. 981132 76 .3 79 .4316 -3 . 1316 
20 0. 975207 75 .7 76 .5218 -0 .8218 
21 0. 992187 80 .7 84 .8605 -4 . 1605 
22 0. 979452 78 .4 78 .6066 -0 .2066 
23 0. 992203 85 .8 84 .8680 0 .9320 
24 0. 990220 83 .5 83 .8944 -0 .3944 
25 0. 981308 77 .9 79 .5182 -1 .6182 
26 0. 976331 77 .9 77 .0741 0 .8259 
27 0. 983806 81 .6 80 .7445 0 .8555 
28 0. 981707 81 .9 79 .7141 2 . 1859 
29 0. 993464 88 .0 85 .4874 2 .5126 
30 0. 989691 86 .4 83 .6345 2 .7655 
31 0. 975556 73 .6 76 .6931 -3 .0931 
32 0. 973025 73 .8 75 .4505 -1 .6505 
33 0. 987013 80 .8 82 .3195 -1 .5195 
34 0. 980732 79 .3 79 .2352 0 .0648 
35 0. 989276 83 .7 83 .4309 0 .2691 




REGRESSION TO CALCULATE THE TOTAL SUMM OF SQUARES (MOIST -
AVGMOIST) 
WHERE MOIST IS MOISTURE CONTENT 
AVGMOIST IS THE AVERAGE MOISTURE VALUE. 
DEP VARIABLE: MOIST 
ANALYSIS OF VARIANCE 
SUM OF 
SOURCE DF SQUARES 
MODEL 1 385.99606 
ERROR 34 159.18033 


























T FOR HO: 












Claudio Bianor Sverzut was born on October 22, 
1954 in Sert&ozinho - SP Brazil. He attended the State 
University of Campinas, UNICAMP, where he received a degree 
of Bachelor of Science in Agricultural Engineering in 
December 1978. Since then he has been employed in the 
Agricultural Engineering department as a faculty member. He 
also attended at the same time the graduate school from 1979 
to 1982 where he received the degree of Master of Science in 
in Agricultural Engineering in May 1982. In May 1982 he was 
promoted to assistant professor. From June 1982 to December 
1982 he attended a English Program for Internationals in 
Columbia, South Carolina. In January 1983 he enrolled in 
the Interdicip1inary Engineering Program leading to the 
Doctor of Philosophy degree at the department of 
Agricultural Engineering at the Louisiana State University, 
Baton Rouge, Louisiana. 
2 1 9  
DOCTORAL EXAMINATION AND DISSERTATION REPORT 
Candidate: Claudio Bianor Sverzut 
Major Field: Engineering Science 
Title of Dissertation: Evaluation of Some Properties of Sugarcane Using Four Selected 
Techniques 
Approved: 
*—MaioF Professor and Chairman 
l\ h\ 




Date of Examination: 
Sp.pl-pmhpr 30, 1986 
